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Introducing the personal
computer you've waited for.

THE EXIDY SORCERER.
SORCERER
COMPUTER SYSTEM
The Sorcerer Computer is a completely
assembled and tested computer system.
Standard configuration includes 63 -key
typewriter -style keyboard and 16 -key
numeric pad, Z80 processor, dual cassette
I/O with remote computer control at 300
and 1200 baud data rates, RS232 serial I/O
for communications, parallel port for
direct Centronics printer attachment, 4K
ROM operating system, 8K ROM
Microsoft BASIC in Rom PacTM, cartridge,
composite video of 64 char/line 30 line/
screen, 128 upper/lower case ASCII set
and 128 user -defined graphic symbols,
operation manual, BASIC programming
manual and cassette/video cables, connect-
ion for S-100 bus expansion.

only £950 Credit facilities available.
+ 8% V AT

Comptete MonZtn.

LOOK!
32K RAM on board
'RS232 interface 58K BASIC ROM
'CUTS interface '4K MONITOR
'KANSAS CITY interface 'S100 BUS
User defined graphic symbols Z80 cpu

KEY BOARD
756 GEORGE RISK
Brand new professional
ASCII keyboards (USA)
Full technical details
included. RRP £60.00

Only £49.90
+ 8% VAT.

Ready built, tested
and guaranteed.

COMPUTER JOYSTICK
Plugs into your Nascom P.I.O. No extras. Software and full

documentation supplied. Plus free game cassette.
£14.90 e.ch £28.90 per pair

COMP PRO Mixer
Professional audio

mixer that you can build yourself and save over £100.

Oro              
  010 0 0 0

 0 AO 0
O 0 0  *

6 into 2 with full equalization and
echo, cve and pan controls.
All you need for your own
recording studio is a stereo tape or
cassette recorder.

This superb mixer kit has slider
faders, level meters and
additional auxilliary inputs.
Only £99.90 plus 8% VAT for
complete kit Plus FREE power
supply valued at £25.00

Ideal for
DISCOS STAGE MIXING HOME STUDIOS

AND MANY OTHER APPLICATIONS

COMPUTER COMPONENTS
Send for our Spring 1979 catalogue. 0.60p Full of Computer

Components, Peripherals and systems.
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Electrical knowledge is not a necessity to assemble this project -- just simple solderin
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INTERESTED
IN HOME
COMPUTING?

FREE B BUG
valued at £2.00

plus 10 x C12 cassettes
valued at £4.00

WITH EVERY NASCOM

Start now and don't get left behind THE NASCOM 1
is here Ex -stock with full technical services

Plus the opportunity to join the fastest moving club of personal
computer users enabling you to get the most our of your
computer. You can OBTAIN and EXCHANGE programs and
other software - many now available.
The Powerful Z80
Microprocessor
Professional Keyboard
1 Kbyte Monitor in EPROM
2 Kbyte RAM (expandable)
Audio Cassette interface
Plugs into your domestic TV
Easy construction from
straightforward instructions
- no drilling or special tools
- Just neat soldering

required-.
Only £197.50 + 8% VAT (includes p & p + insurance)
Manuals seperately 2.95 Monitor quality improved
Z80 programming Manual 6.90 TV Modulator 2.50
Z80 Technical Manual 2.95
PIO Technical Manual 2.95 Power supply suitable for
(All prices add 8% VAT) NASCOM 19.90

NASCOM AD ONS - Nascom improved monitor B Bug (2K)
featuring - *Four times tape speed *Direct text entry without

ASCII *Extended keyboard facility *Additional useful
subroutines £23.00

Nascom Software library. Send SAE for lists and prices.

BLANK C12 Racal Quality CASSETTES
£4.00 for 10

All prices include VAT except where shown. Orders over £5 post and packing free otherwise add 20p. Please make
cheques and postal orders payable to COMP, or phone your order quoting BARCLAYCARD or ACCESS number. ..-111P7

COMP
COMPUTER
COMPONENTS

o

14 STATION ROAD  NEW BARNET  HERTFORDSHIRE  TEL: 01-441 2922 (Sales)
CLOSE TO NEW BARNET BR STATION - MOORGATE LINE 01-449 6596

OPEN - 10am to 7pm - Monday to Saturday
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CONSTRUCTIONAL PROJECTS
LOGISCOPE by R. A. Penfold
Gives logic levels and mark space ratio/frequency data 18

SEQUENCER -1 by Lindsay Robinson
Enables sixteen bits to be programmed into a synthesiser 22
DIGITAL ENLARGING EXPOSURE METER by A. A. Luha B.Sc.
For black and white prints without waste 34
P.E. MICROPRINTER-3 by Mark Simon
Final part covers testing and routine maintenance 44
HEADLIGHT WARNING DEVICE by P. G. Wagstaff
Dual purpose, for lights on, lights off 62

GENERAL FEATURES
BINAURAL STEREO PATENTS by Adrian Hope
A new look at a not so new stereo system 28
HOME COMPUTERS -2 by R. W. Coles
Peripherals and software 46
CONSTANT CURRENT SOURCES by D. F. Bowers B.Sc.
Transistor, op.amp. and transconductance amp. methods 54
SEMICONDUCTOR UPDATE by R. W. Coles
A look at some recently released devices 59

INGENUITY UNLIMITED
Variable Pulse Delay-Ultrasonic Proximity Detector-
Hazard Flasher Monitor-Simple Phaser-Livewire-Car Intruder Alarm 66

NEWS AND COMMENT
EDITORIAL 17

POINTS ARISING
Noughts and Crosses Game-ADSR Envelope Shaper 20
S PAC EWATC H by Frank W. Hyde
Death of Skylab, Tiros -N, Vela Pulsar, Holography, Venus 21

NEWS BRIEFS
Away with Contactors Model Aircraft Radar 31

More Bubbles!-Five-Step A to D 41

TV or Scope-Fir Filters-Countdown 43
Walky Talky Terminal-Floppy Saddle for your PET-Printer-John Miller -Kirkpatrick 53
Cherry -Picker Boom Boon 64
Micro' Courses-Take Over Bubble Take Over-Power Supply Breaker-Video Library 70
MARKET PLACE
New products 32
INDUSTRY NOTEBOOK by Nexus
What's happening inside industry 42
BOOK REVIEWS 56
READOUT
A selection of readers' letters 60

OUR APRIL ISSUE WILL BE ON SALE FRIDAY, 9 MARCH 1979
(for details of contents see page 651

IPC Magazines Limited 1979. Copyright in all drawings, photographs and articles published in PRACTICAL
ELECTRONICS is fully protected, and reproduction or imitations in whole or part are expressly forbidden. All reasonable
precautions are taken by PRACTICAL ELECTRONICS to ensure that the advice and data given to readers are reliable. We
cannot, however, guarantee it, and we cannot accept legal responsibility for it. Prices quoted are those current as we go
to press.
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Kontite
remote control

switch
-Simple to install
even simpler to use

The Receiver:
contains input and
output cables which
are connected to the
appliance to be
controlled.

The Transmitter:
is light and cordles
and housing the
battery. Simply,
point the transmitte
at the receiver to
turn on or off

Now available in the U.K. the 'Kontite' Remote Control
unit switches electrical appliances and equipment on or
off safely from distances of up to 35 feet.

Televisions, radios, hi-fi equipment, lighting, model
trains etc. electric fans, electric fires (up to 2kw) and many
other appliances are within its scope, providing that they
have a power supply of 240/250 AC single phase. 50/60 Hz
and a maximum 10 amp rating and also that the relevant
safety regulations are applied.

The unit is ideal for use in the home, office, factory and
hospital. Particularly useful as an aid to the disabled and
invalid -wherever an electrical appliance is difficult to
reach in the normal manner.

4

The Kontite Remote Control Switch
available now through
Electrical Component

Retailers.
Pim

411

1110

4.111! Nom

11*,4411111.

INTO 5-rer,

If you have difficulty in locating a stockist please contact:

Kay &Co ( Engineers) Ltd.
Acresfield House, 15 Exchange Street, Bolton. Lancashire.

Telephone: Bolton 21041 Telex 63186

Open from 10-5 Tues-Sat
10.8 Weds.
Closed Mondays

NO DISCO SYSTEM IS
COMPLETE WITHOUT...

PIEZO HORNS
FANTASTIC SPECIAL OFFER1

TO READERS OF THIS PUB-
LICATION

Tweeters for your disco. PA
system or Hi-Fi, Frequency range 5K -20K
No X over required. They can be used in
any PA system up to 100W Why pay more?

OUR PRICE ONLY £4.99 each IP&P 35p each)

PROJECTORS

Octal multiway plugs and sockets in stock atC
There's always hundreds of Bulgin )
Roger Squire's. Each pin rated BA. Perfect for J
your Sound to Light System P552 SOCKET -
£0.65 IP&P 35p1 P551 PLUG £1.84 IP&P 35p1
Carriage on 10 or more nominal Cl 00 Also available
6 -way multicore cable 16 Amps per core) ex stock
CO 65 per metre Please phone for carriage quote

AND SOCKETS

CITRONIC MM 313 MIXER
Ideal for the DIY enthusiast building up a complete disco
system. 4/6 ch. mono. inc. LED indicators, connections
via phono sockets at rear.Bargain price, including PS U

f80.46 (P & P £1.50).

BULGIN OCTAL PLUGS 0

SQUIRE MULTIFECT 150
- including rotator and effects
wheel. A truly versatile projector
which uses a powerful 150W
Tungsten bulb. all effects

attachments simply slot in ready for use

A BARGAIN AT £40.50 IPA& Et 001

PLUS MANY DISCO ACCESSORIES

STARLITE 250
An exclusive new line
to Roger Squire's Disco

Centres. Superb high powered
250 W quartz halogen bulb, fan

cooled, accepts wide range of multifect
attachments. Unique connection slot for
orbit prism revolvers. Only

All Roger Squire's shops have a £70.20 IP & P £2.00)
service department which carries large attachments extra

stocks of DISCO SPARES & ACCESSORIES
For example Fane and H H Disco Speakers

12" and 15" BSR and Garrard decks
at discount prices

Plus sockets, Fuses.
Plugs, etc etc

Roger Squird DISCO GEAR
Personal callers: ROGER SQUIRE'S DISCO CENTRES

LONDON: 175 Junction Road, Tufnell Park N19 500 01-272 7474
BRISTOL: 125 Church Road, Redfield. Bristol BS5 9JR 0272 -550550
MANCHESTER: 251 Deansgate M3 4EN 061-831 7676
GLASGOW: 1 Queen Margaret Road off Queen Margaret Drive. Kelvinside. Glasgow, G20 6DP

041-9463303

TOUCH CONTROLLED
LIGHTING KITS (300W)

A Lightdimmer with NO knob. Dimming and on/off functions
are controlled by touch. Features include:

* No mains rewiring.
* Easy to build - uses one MOS 1 C.
* Switches on to preset brightness.
* Can be switched and dimmed

from many locations using TDE/K
kit making 2 -way switching easy.

** PRICE 110300K £9.67
TDE/K £1.62

TSD300K TOUCH -SWITCH & DIMMER combined. One
touchplate for on/off. Small knob controls brightness. £5.62
TS300K TOUCHSW1TCH. Two touchplates. ON/OFF £4.64
TSA300K AUTOMATIC. One touchplate. Preset time delay
off variable 2 secs to 3-1- mins. £4.64
LD300K LIGHTDIMMER. £3.24

TRIAC BARGAINS

DIGITAL VOLTMETER/THERMOMETER KIT

Based on the 7106 single
IC digit D.V.M. the
Kit contains a PCB, re-
sistors, capacitors, pre-
sets, I.C. and 0.5" liquid
crystal display. Com-
ponents are also included
to enable the basic D.V.M.
kit to be modified to
a Digital Thermometer
using a single transistor
as the sensor. Requires
a 2mA 9V supply IPP3
batteryl.

ONLY £23.75

400V Plastic Case
3A
6.5A with trigger
BA
12A
16A

64p
86p
80p
90p

113p
20A 178p
25A 205p
SCR 1C10601 5A/400V 54p
Diac 23p

COMPONENTS

0.2" L.E.D.s
Red 13p (£1.080 0)
Green 23p Yellow 27p
DL727 .5" display rum
LCD .5" 4 digit £8.75

NE555 31p 14 for £121
LDR .5" dia.

741 27p 15 for £1 .081
LM3911 temperature controV
thermometer IC £1.08
AY -5-1224 £3.51

£5.23AY -5-1230
ZN1034E
ICL7 106 DVM IC
IN4001
IN4148
BC182L
2N3819

£11.05
7p
5p

11p
25p

MINI MAINS
TRANSFORMERS

Standard 240V mains primary
100mA secondary
6-0-6V
9-0-9V

12-0-12V

92p
97p

102p

24HR CLOCK/APPLIANCE TIMER KIT
Switches any appliance of up to 1 KW on and off at
preset times once a day. KIT contains: AY -5--1230
Clock/Appliance Timer IC, 0.5" LED display,
mains supply, display drivers, switches. LEDs, Mac,
complete with PCBs and full instructions. £16.09
White box 156 x 131 x 71 mm) - drilled £2.70

- undrilled £2.38
Ready built £24.30

ABOVE PRICES INCLUDE V.A.T.
Quantity discounts on request. Add 25p postage and packing. Mail order only to:

T.K. ELECTRONICS (PE) 106 Studley Grange Road, London, W7 2LX.
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TTLsbyTEXAS
7400 13p
7401 14p
7402 14p

403 149
17p
90p
18p
32p
32p
19p
19p
15p
24p
20p

60pp
30

90p
27p
27p
17p
2400p

34p34p
30
40pp
34p
36p

30p
17p

40p
35p
35p
17p
70p
I30p

112p
112p
100p

93p
60p
80p
17p

7404
74SO4
7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
74C14
7416
7417
7420
7421
7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7440
7441
7442A
7443
7444
7445
7446A
7447A
7448
7450
7451 1
7453 lip
7454 17p

7470
7460

36p
17p

7472 30p
7473 349
7474 30p
7475 36p
7476 35p
7480 50p
7481 100p
7482 84p
7483A 90p
7484 100p
7485 110p
7486 34p
7489 210p
7490A 33p
7491 80p
7492A 48p
7493A 33p
7494 84p
7495A 70p
7496 65p
7497 180p
74100 130p
74104 85p
74105 65p
74107 34p
74109 55p
74110 55p
74111 70p
74116 200p
74118 130p
74119 210p
74120 110p
74121 28p
74122 46p
74123 55p
74125 55p
74126 60p
74128 75p
74132 75p
74136 75p
74141 70p
74142 200p
74145 90p
74147 190p
74148 150p
74150 100p
74161A 70p
74153 70p
74154 100p
74156 90p
74156 90p
74157 70p
74159 190p
74160 100p
74161 100p
74162 100p
74163 100p
74164 120p
74165 130p
74166 140p
74167 200p
74170 240p
74172 720p
74173 120p
74174 93p
74175 85p
74176 900

74177 90p
74178 160p
74180 93p
74181 200p
74182 90p
74184A 150p
74185 150p
74186 700p
74190 100p
74191 100p
74192 100p
74193 100p
74194 100p
74195 95p
74196 95p
74197 80p
74198 150p
74199 150p
74200 1000p
74221 160p
74C221 150p
74251 140p
74259 250p
74265 90p
74278 290p
74279 140p
74283 190p
74284 400p
74285 400p
74290p 150p
74293 150p
74294 200p
74298 200p
74365 150p
74366 150p
74367 120p
74368 150p
74390 200p
74393 200p
74490 225p
74L5 SERIES

14p
16p
25p
20p
40p
45p
72p
20p
40p
28p
38p
20p
27p
70p
90p
30p
50p
40p
45p

110p
100p
40p

741590 60p
741S93 60p
7415107 45p
7415112 100p
7415123 70p
7415124 180p
7415132 95
7415133 60p
7415138 60p
7415139 60p
7415151 100p
7415153 60p
7415157 60p
7415158 120p
7415160 130p
7415161 100p
7415162 140p
7415163 110p
74LS164 120p
7415165 180p
7415166 180p
7415173 110p
7415174 90p
741S175 110p
7415181 3209
7415190 100p
741S191 100p
7415192 140p
7415193 140p
7415195 140p
7415196 120p
7415221 140p
7415240 175p
7415241 175p
7415242 170p
7415243 170p
7415244 170p
74LS245 170p
7415251 140p
74LS253 140p
74LS257 120p
74LS259 160p
7415266 100p
7413273 130p
74LS279 90p
7415298 249p
74LS324 200p
74LS373 180p
7415374 195p
7415378 200p

741502
741504
741508
741510
741511
741513
741514
741520
741521
741522
741527
741530
741532
74LS42
74LS47
741555
741573
741574
741575
/41583
74LS85
741S86

4000 SERIES
4000 15p

4002
4006
4007
4008
4009
4010
4011
4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4031
4033
4034
4035
4040
4041
4042
4043
4044
4046
4047
4048
4049
4050
4051
4052
4053
4054
s4055
4056
4059
4060
4063
4066
4067
4068
4069
4070
4071
4072
4073
4075
4076
4081
4082
4093
4094
4098
4411
4502
4503
4507
4510
4511
4514
4516
4518
4520
4528
4543
4553
4560

17p
95p
18p
80p
40p
50p
17p
18p
50p
84p
84p
45p

Kr)
45p

100p
110p
100p
22p

50
20p

130p
50p
84p

100p
55p

200p
180p
200p
110p
100p
80p
80p
90p
90p

110p
100p
55p
32p
49p
80p
80p
80p

150p
125p
135p
600p
115p
120p
55p

450p
22p
20p
30p
22p
22p
22p
22p

107p
22p
22p
80p

250p
107p

1100P
120p
70p
55p
99p

150p
250p
110p
100p
100p
100p
180p
450p
250p

4584 90p
40014 90p
40085 200p
40097 90p
14411 1100p
14412 1100p
14433 1100p

INTERFACE
ICs
MC1488 100p
MC1489 100p
75107 160p
74182 230p
75324 375p
74325 375p
75451 72p
75491/2 96p
8126 250p
8728 300p
8195 160p
8797 160p
811595 120p
811596 140p
81LS97 120p
81LS98 140p
9601 110p
9602 220p
9603 160p

83 SERIES
9301
9302
9308
9310
8311
9312
9314
9316
9321
9322
9334
9388
9370
9374

160p
175p
316p
275p
275p
160p
165p
225p
225p
150p
225p
200p
200p
200p

BUCKET
BRIGADE
SAD1024 1800p

VEROBOARD
01 0.15

Icopper clad/
31 41p 33p

21 r 5 49p 45p
31 A 31 49p 45p
31 r 5 58p 60p
21 x 17 152p 121p
31 r 17 195p 183p
41 r 17 252p -
Pkt of 35 pins 30p
Spot lace cutter85p
Pin insertion
tool 99p

VERO WIRING
PEN
Plus spool 325p
Spare spool
(wire) 80p
Combes 7p each

LINEAR I -Cs
AY1-0212 600p
AY1-1313 668p
AY1-1320 320p
AY1-5050 211p
AY5-1315 600p
AY5-1317 636p
CA3019 80p
CA3046 70p
CA3048 225p
CA30805 72p

CA3089E 225p
CA3090ACI 375p
CA31305 100p
CA31140E 70p
CA3160E 100p
FX209 750p
ICL7106 850p
ICL8038 340p
LM301A 30p
LM311 120p
LM318 200p
LM324 70p
LM339 75p
LM348 95p

LM3770 175p
"LIV138 75
LM381AN 160pp
LM3895 140p
LM709 36p
LM710 50p
LM725 350p
LM 733 100p
LM741 20p
LM747 70p
LM748 35p
LM3900 70p
LM3911 130p
LM4136 120p

MC1310P 150p
MC1458 55p
MC1495L 350p

MC1496 100p
MC3340P 120p
MC3360P 120p

MFC400013 120p
MK50398 750p
N E531 110p

585401 200p
NE543K 225p
NE555 25p
NE556 70p
NE561B 425p
NE562B 425p
NE565 130p
NE566 155p
NE567 175p
NE571 425p
RC4151 400p
SFF96364 1150p

SN760035 175p
'S5760135 140p
'5576013ND 120p
'6576023N 1409
SN76023ND 120p
'S5760335 175p
SN76477 250p

SP8515 7509
TAA621 275p
TBA6411311 225p
TBA651 200p
TBA800
TBA810
TBA820
TCA940
TDA1004
TDA1022
TDA2020
TL084
11170
XR2206
XR2207
XR2211

XR2216
XR2240

.25414
ZN424E
ZN425E
ZN1034E
95H90

100p
p

17590p

600p
300p

1300p
32p
50p

400p
400p
600p
675
400pp

90p
135p
400p
200p
800p

TRANSISTQ.KS
AC126 25p
AC127/8 20p
AC176 25p
AC187/8 25p
AF116/7 30p
AD149 70p
AD161/2 45p
BCI 07/8 11p
BC109 11p

BC117 20p
I3C147/8 9p
BC149 10p
8C157/8 10p
'BC159 11p
BC169C 12p
BC172 12p
BC177/8 17p
BC179 18p

BC182/3 10p
BC184 11p

BC187 30p
BC212/3 11p
BC214 12p
8C461 36p
13C477/8 30p

'13C516/7 50p
BC5478 16p
8C549C 18p
BC55713 16p
BC559C 18p

BCY70 18p
BCY71/2 22p
80131/2 50p
80135/6 54p
BD139 56p
BD140 60p
80189 60p
BD242 70p
BDY56 200p
BF200 32p

BF24413 35p
.EIF25613 70p
BF257/8 32p
BF259 36p

BFR39 30p
BFR40 30p
BFR41 30p
BFR79 30p
BFR80 30p
BFR81 30p

BFX29 30p
EIFX30 34p
BFX84/5 30p

VOLTAGE REGULATORS

Fixed Plastic TO -220

IA
5V

12V
15V
18V
24V

100mA
5V

12V
15V

+ye
7805
7812
7815
7818
7824

90p
90p
90p
90p
90p

TO -92
78105 35p
78112 35p
78115 35p

-ve
7905
7912
7915
7918
7924

79105
79112
79115

OTHER REGULATORS
LM309K 135p TBA6258
LM317T 200p T1430
LM323K 625p 78H05KC
LM723 37p 778MGT2C

OPTO-ELECTRONICS
255777 45p OCP71
ORP12 90p OR P60
ORP61 90p 11178

LEDS
0.125" 0.2"
TIL32 I.R. 75p TIL220 Red
TIL209 Red 13p TIL222 Gr
TIL211 Gr 20p TIL228 Red
TIL212 Ye 26p MV5491 TS
111216 Red 18p Clips

DISPLAYS
3015F 200p FND500
DL704 Nap FND507
DL707 Red 140p MA53640

707 Gr 140p TIL311
DL747 Red 226p TIL312/3

747 Gr 226p 111321/2
FND357 120p TI L330

DRIVERS
9368 200p
9370 200p

100p
100p
100p
100p
100p

80p
80p
80p

166p
676p
136p

130P
90p
70p

16p
18p
22p

120p
3p

120p
120p
175p
600p
110p
130p
140p

BFX86/7 20p
89X88 30p
BFW10 90p
BEY50 22p
BFY51/2 22p
BFY56 33p
BFY90 90p
81583 700p
BRY39 45p
BSX19/7020p
BU104 225p

BU105 190p
BU108 250p
BU109 225p

BU205 200p
BU208 200p
81,1406 145p

BJ481 175p
MJ491 20Qp
MJ2501 225p
MJ2955 100p
MJ3001 225p

MJE340 65p
MJE2955

100p
MJE3055 70p

MPF102 45p
MPF103/4

40p
MPF105/6

MPSA06 330p
MPSA12 50p
MPSA56 32p
MPSUO6 63p
MPSU65 78p
0C28 130p
0C35 130p

R200813 200p
R20108 200p
TIP29A 40p
TIP29C 55p
TI P30A 48p
TIP30C 60p
TIP31A 58p
TIP31C 62p
TIP32A 138p
TIP32C 82p
TIP334 90p
TIP33C 114p
TIP34A 115p
TIP34C 160p

MEMORIES
2102 100p
2102-2 120p
21021-4 140p
21078 600p
2111-1 225p
2112-2 300p
2114 1000p
5101 510
6810 350pp

ROM/PROM s
745188 225p
745287 400p
745387 400p
93427 400p
93436 650p
93446 650p
93448 1000p
CPUs
4040a 670p
6502 1200p
6800 900p
6801 TBA
8080A 550p

EPROMS
1702A 600p
2708 900p
2716 2500p
4702 900p

TIP35A 225p
TIP35C 290p
TIP36A 270p
TIP36C 340p
TIP41A 65p
TIP41C 78p
TIP42A 70p
11P42C 82p
TIP2955 78p
TIP4055 70p

TIS43 34p
'TIS93 30p
ZTX108 12p
ZTX300 13p
ZTX500 15p
ZTX502 18p
ZTX504 30p
2N457A 250p
25696 35p
25697 25p
2N698 45p
2N706A 20p
25708A 20p
2N918 45p
2N940 18p
2N11.31/2 20p
2N1613 25p
51711 25p
2N2102 80p
252160 300p
2N2219A 22p
2N2222A,22p
2N2369A 1ep
2N2484 30p
252646 50p
252904/5 25p
252906A 24p
2529074 30p

.252926 9p
2N3053 20p
2N3054 65p
2N3055 48p
2N3442 140p
253553 240p

.2N3565 30p
*253643/4 48p
253663 20p
.253702/3 12p
2N3704/5 12p
253706/7 14p
2N370EV9 12p
2N3773 300p
*253819 25p

TRANSFORMERS
(prim 220-240V)
6-0-6 100mA 88p
9-0-9 75mA 92p
12-0-12 100mA 95p
0-12 0-12 500mA 280p 
0-25V )5VAI 250p
9-0-9 1A 270p
12V 2A 350p
0-12-15
20-24-30 1A 3409.
15-0-15 lA 265p

(Please add 50p p&p charge to
all marked  above our normal
p&p charge)

DATA BOOKS
TTLs, CMOs, Linears,

Memories, etc, by Mfrs
stocked.

Please send S.A.E. for
details.

'253820 50p
253823 70p
253866 90p

253903/4 lap
2N3905/6 20p
254037 66p
2N4058/9 12p

'254060 12p
254061/2 18p
.254123/4 22p
254125/6 22p
'2N4289 20p
2N4401/3 27p
254427 90p

254871 60p
2N5087 27p
.255089 27p
.2N5172 27P
2N5179 90p
255191 83p
255194 90p

"255245 40p
"255296 55p
2N5401 50p
2N5457/8 40p
255459 40p
'255460 40p
255485 44p

256027 489
256247 190p
256254 130p
256290 65p
2N6292 65p
35128 120p
3N140 100p
3N141 110p
3N201 110p
3N204 100p
40290 250p
40360 40p
40361/2 45p
40364 120p
40408 7
40409 85p
40410 85p
40411 300p
40594 97p
40595 105p
40673 75p
40841 90p
40871/2 90p

UART
AV -3-1015P 500p
AY -5-1013
TN1S601 1 NC 40

4000pp

CHARACTER
GENERATOR
3257ADC 990p
MCM6576 750p
R0-3-2513 U.C. 600p
R0-3-2513 LC. 550p
S5745262AN 1360p

OTHER
3245 400p
4201 3
4289 9790p0p
4801 500p
6820 600p
6850 700p
8205 320p
8212 225p
8216 225p
8224 400p
8228 525p
8251 700p
8253 1200p
8255 550p
8257 1100p
8259 1400p
AY5-2376 1000p
MC14411 1100p

DIODES
BY127 12p
0A47
'0481 16p
0A85 169
0A90 9P
0A91 9P
0A95 SP
04.200 9P
0A202 10p
15914 4P
15916 P
154148 4p
154001/2 5P
154003/4 811
1N4005 Sp
154006/7 7P
1 N5401/3 14P
155404/7 199

15920 9p

ZENEER3
2.7V -33V
400mW 9p
1W 15p

HEAT SINKS
For 10220
Voltage Regs.
and
Transistors 22p
For T05 12p

TRIACS
PLASTIC
3A 400V 60p
3A 500V 65p
6A 400V 70p
6A 500V 88p
8A 400V 75p
8A 500V 95p
12A 400V 85p
12A 500V

105p
16A 400V

110p
16A 500V

130p
128000 130p

BRIDGE
RECTIFIERS

1A 50V 21p
1A 100V 22p
1A 400V 30p
.1A 600V 35p
.24 50V 30p
'2A 100V 35p
'24 400V 45p
'3A 200V 60p
'3A 600V 72p
4.4 100V 95p
.4.4 400V

6A 50V
100

90pp
6A 100V

100p
6A 400V

120p
1 OA 400V

200p
2 5A 400V

400p

THYRISTORS
IA 50V 40p
1A 400V 65p
1A 600V 70p
3A 400V 90p
8A 600V 140p
12A 4001809

16A 100V
160p

16A 400V
180p

16A 600V
220p

BT106 110p
CI 06D 45p

MCR101 36p
253525 120p
254444 140p

2 N5060 34p
2N5064 40p

LOUD-
SPEAKERS
Si,
2 ;" 64R 70p
27' 8R 70p
2 85 75p

aR 75p

SUBMINIATURE
SWITCHES

Ts°pVe
SPOT
DPDT
DPDT (Centre -off)

51p
53p
55p
85p

Push to make
(Red. Green. Yel., Blue) 15p
Push to break
(Black only) 25p

CRYSTALS
100KHz
1MHz
3.2768MHz
10.7MHz
18MHz
27.135MHz

300p
370p
350p
350p
300p
300p

EDGEBOARO
CONNECTORS

0.156' Solder Tell
2x 10 way
2 x 15 way
2n 18 way
2 x 22 way
2 x 25 way

85p
100p
1209
135p
160p

LOW PROFILE DIL SOCKETS BY TEXAS
8 pin 11p 16 pin 25p 24 pin

14 pin 12p 20 pin 28p 28 pin
16 pin 13p 22 pin 30p 40 pin

WIRE WRAP SOCKETS
8 pin 30p 24 pin 80p

14 pin 40p 28 pin 100p
16 {11r1 550 40 pin 120p

33p
Up
51p

EDGE CONNECTOR
31 Way Plug 105p
31 Way Skt. 110p
(0.1." Pitch)

"PE" MICROPRINTER
SEND S.A.E. FOR DETAILS

 RESISTORS High Stab Carbon Film 5% Tol E12 Series
IAN 10R -1M 1p 90p/100 each valve
,1 -.4110R -10M 1.5p 120p/100 each valve

 MINIATURE PRESETS, Horz/Vert
100R -1M 10p

CARBON TRACK POTENTIOMETERS
1-W LOG or LIN
Single 5K -2M 25p
Single with DP Switch 5K -2M 55p
Dual 5K -2M 66p

CAPACITORS
Low Voltage
Electrolytic,
Polyester,
Tantalum
Disc Ceramic
available

VEROBOARDS ANTEX
IC BREADBOARD SOLDERING IRONS
120 x 14 pin DIL [Cs or Model C 1 5W
16 x 16 pin DIL ICs( CX 17W
4.15" x 6.15" 270p

X25

VCL BOARD CCN

Specially designed for Spare Bits
DIL ICs - No track C/CX/CCN
cutting 5.82" x 2.9"1059 x25

360p
360p
3609
3809

46p
50p

PE VDU SYSTEM
A low-cost memory -mapped system
designed to interface with all micro-
computer systems.

Designer Approved Suppliers
Complete Kit £49
Ready -built tested module £69
(Above prices include VAT and P&P
and a free Power Supply circuit design)

Trouble -shooting services available for
kits or modules purchased from us.
Demonstration now on at our shop.
PCB £6.00 + VAT + P&P.
SFF96364 £11.50 + VAT + P&P.

VAT RATE: All items at 8% Please add 25p p&p & VAT at appropriate rates.
except where marked* where
1 2+% applies.

PLEASE SEND SAE FOR LIST.

Government, Colleges; etc. Orders accepted.
Mon -Fri 9 30 5 30

CALLERS WELCOME Saturday 10 30 4 30

TECHNOMATIC LTD.
17 Burnley Road, London NW10

' 12 minutes Doll's Hill tube station) (ample street parking)
Tel: 01-452 1500 Telex: 922800
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BD1-The Connoisseur's Budget Choice
gar iser bratible

OM 11111111'-i

BD1 Kit &
Completed BD1
Assembly

The Connoisseur BD1 transcription turntable is a precision engineered product
designed to provide top grade performance at a moderate cost. Simplicity is the
main feature of this unit giving excellent performance and reliability.
A slow speed synchronous motor is used and because of its construction the hum
field is very low, so that even the most sensitive of pickups can be used, including the
Connoisseur SAU2 or the SME 3009 Series II.
Speed change is achieved by a press button unit at the rear of the platform which automatically
moves the drive belt from one pulley groove to the other whilst the turntable is turning.
The BD1 turntable kit can be assembled by the home constructor within the hour and when
completed will give top quality performance. No soldering is required. Complete the unit with
a modern BD1 plinth and cover. The plinth is finished in walnut veneer and fitted with spherical,
anti -vibration feet. Add to this a strong Acrylic, bronze cover, hinged with 2 -position lid stay and you
have a first class turntable at a budget price!

BD1 with Plinth,
Cover & SME Arm.

Connokon°
Write for further details to:
A. R. Sugden & Co. (Engineers) Ltd.
Manufacturers of Connoisseur Sound Equipment, Connoisseur Works, Atlas Mill Road,
Brighouse, West Yorkshire HD6 1ES
Telephone: Brighouse (0484) 712 142, Telex: 517144 Sugden Crighouse,
Telegrams & Cables: Connoisseur Brighouse.

2in x 2in meters 5005A, £3.65.
16p P.& P.

60 x 45mm meters 50pA, 1005A,
500pA and 1mA VU meter, £6.16.
11p P.& P.

6V BUZZERS. 50mm diameter
30mm high, 52p. 15p. P. & P.

...,-

41in x 3/ -in METER. 30pA,
or 100pA, £6.40. 19p P. & P.

50uA

MULTI -
METER

Model IT1-2
20,000 ohm/volt.
£12.32.
3 3 p P. & P.

, . ,
0

TN;

'8 '6' 8

MICROPHONES FOR
TAPE RECORDERS

DM228R 200 ohm with 3.5
and 2  5mm Jack Plugs £1.66
DM229R 50K with 3.5 and
2 5mm Jack Plugs £2.20
DM18D 200 ohm with 5

and 3 pin Din Plugs £1 .95
Postage on above microphones

lip TRANSFORMERS Primary 240V
6-0-6V 100mA £0.75
9-0-9V 75mA

12-0-12V 50mA
£0.75
£0.85

12-0-12V 100mA £1 .05
Post on above transformers 30p.
9-0-9V 1A £1.80

12-0-12V 1A f2.15
15-0-15V 1A £2.36
30-0-30V 1A £3.10
6  3V 1+A £1.80
6-0-6V 1i -A £2.20
Post on above transformers 45p.

IR CARDIOID
DYNAMIC

MICROPHONE
11

Model UD-130 Frequency
response 50-15,000cis.
Impedance Dual 50K and
600 ohms, £8.02. 26p
P. & P.

All above
illustrated catalogue.
for quantity

158 Bradshawgate

prices

quoted

M.

include

on

V.A.T.
S.A.E. with

request.

DZIUBAS
Bolton

all
Send 40p for new fully
enquiries. Special prices

Lancs. BL2 1BA

CRESCENT RADIO LTD.
1 ST. MICHAELS TERRACE,
WOOD GREEN, LONDON, 888-3206
N22 4SJ (MAIL ORDER DEPT.)

FLIP __ ..
Push Button
Heads or Tails. ....o -

:.:
Complete kit
and full \
i nstructions
supplied.

A pocket game. Easy to build and great to
play. Kit price f5.25 + 8% VAT. Post free.

3 KILOWATT PSYCHEDELIC
LIGHT CONTROL UNIT
1000W lighting per channel, max.
A 3 channel sound to light unit housed in a
robust metal case, with a sensitivity control
for each channel i.e. Bass, middle and treble.
Full instructions make this unit easy to
connect to your present amplifier.
S.A.E. for spec, sheet.
Still only f20.00 a 8% VAT.

SIRENS
CR 11 Siren. Rotating fan in metal unit.
Adjustable mounting bracket. Gives high
pitched wail. 12 volts DC. Dimensions:- 75 x
80 x 75mm. £8.50 + 8%.
CR 12 Siren. 125mm diameter gold coloured
horn with fixing plate. Emits high-pitched
wailing note of varying frequency - 16 cyc.
per minute. 12 volts DC. £9.00 + 8%.
CR 13. As above but rapid noise frequency
change - 160 cyc. per minute.
CR 14 Siren. 90mm (dia.) x 60mm. Red
plastic case with fixing plate, emits high-
pitched wailing note of varying frequency -
100 cyc. per minute. 12 volts D.C. £5.50 +
8%,

POWER SUPPLY UNIT
PP1 - switched 3, 41. 6, 7i, 9 and 12 volts
at 500mA, with on/off switch and pilot light.
Size: 130 x 55 x 75mm approx.
Our Price: f8.25 (6 8% VAT.

SIX -PIECE 1-
MINIATURE
SCREWDRIVER
SET
Six precision screwdrivers in
a hinged plastic box. Blade r

s'zes: 0.8mm. 1.4mm, 2mm,
2-4mm, 2.9mm, 3.8mm. III
Our Price: £1 .75 + 8% VAT 1- -- -

BARGAIN LOUDSPEAKER
Goodmans 5" 8 ohm long throw heavy duty
L/SPKR.
Mounting plate is integral with US chassis
and has fixing holes th centres spaced at
5i" (diagonally)
Only E5.00 c 12.1% VAT.

PIEZO ELECTRIC HORN
UNITS
High'Quality, High Power Tweeter. No hover
regd. Freq. Response: 3: BkHz-28kHz. Spec.
sheet sent on receipt of S.A.E.
Our Price: f 6.50 + 8% VAT,2 WAY 8 OHM

HEAVY DUTY XOVER.
A 2 way 8 ohm H/D hover suitable for US
systems up to 100W. input via screw ter-
urinals. Fitted with a 3 position 'HF LEVEL
switch which selects either Flat. -3d8 or
-6dB.
Buy now while stocks last!
Only f3.00 . 8% VAT.

BARGAIN TRANSFORMER
240V Primary 12 -0-12V 500mA sec.
Approx. size: 60 x 40 x 50mm. Fixing
centres: 75mm.
Price: f 1.50 ,- 8% VAT.

'P&P' to £5, Add 30p.
Access

i
orders up

Orders £5-£ 0, Add 50p.
All orders over £10 post free!
Please add V.A.T. as shown.

S.A.E. with all enquiries please.

BARCLAYCARD

VISAL
Personal callers welcome at: 21 GREEN LANES, PALMERS GREEN, N.13

also 13 SOUTH MALL, EDMONTON GREEN, EDMONTON
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IT
35 CARDIFF ROAD, WATFORD, HERTS., ENGLAND

MAIL ORDER, CALLERS WELCOME. Tel. Watford 40588/9

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/
P.0 . OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL
INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY
WELCOME. P&P ADD 30p. TO ALL ORDERS UNDER £10.00. OVERSEAS ORDERS
POSTAGE AT COST. AIR/SURFACE.

SEND 50p (plus 25p p&pl FOR OUR CATALOGUE
VATExport orders no VAT. Applicable to U.K. Customers only. Unless stated otherwise, all prices

are exclusive of VAT Please add 8% to devices marked *. To the rest add 124%.
We stock many more itdma. It pays to visit us. We are situated behind Watford Football
Ground. Nearest Underground/BR Station: Watford High Street. Open Monday to Saturday
9.00 am - 6.00 pm. Ample Free Car Parking space available.

POLYESTER CAPACITORS: Axial lead type. (Values are in pF)
400V: 0.001, 0.0015. 0.0022, 0.0033 7p; 0.0047, 0.0068, 0.01, 0.015, 0.018 9p; 0.022,
0.033, 10p; 0.047. 0.068 14p; 0.10 15p; 0.15, 0.22 22p; 0.33, 0.47 39p; 0.68 45p.
160V: 0.39, 0.15, 0.22 119; 0.33, 0.47 19p;22p; 1.5 29p; 2.2 32p.
DUBILIER: 1000V: 0.01, 0.015 20p; 0.022 22p; 0.047 269; 0.1 38p; 0.47 48p.

POLYESTER RADIAL LEAD (Values are in pF) 250V:
0-01, 0-015, 0-022.0-027 5p; 0-033, 0-047, 0-068, 0-1 7p; 0-15 11p;
0-22, 0-33 13p; 0-47 15p; 0-88 18p; 1-0 24p; 1-5 27p; 2-2 31p.

FEED THROUGH
CAPACITORS
1005F 350V Sp

ELECTROLYTIC CAPACITORS: Axial lead type (Values are in pF) 500V: 10 40p; 47 68p;
250V: 100 65p; 63V: 0.47, 1.0, 1.5, 2.2, 2.5, 3.3, 4.7, 6.8, 8, 10, 15, 22 8p; 47, 32, 50 119;
63, 100 27p; 60V: 1.0 7p; 50, 100, 220 25p; 470 50p; 1000 68p; 40V: 22, 33 7p; 100 129;
2200, 3300 62p; 4700 64p; 35V: 10, 33 9p; 330, 470 32p; 1000 49p; 25V: 10, 22, 47 69;
80, 100, 160 89; 220, 250 13p; 470, 640 25p; 1000 27p; 1500 30p; 2200 41p; 3300 529;
4700 54p; 16V: 10, 40, 47, 68 7p; 100, 125 89; 330 14p; 470 16p; 1000, 1500 20p; 2200
34p; 10V: 4, 1006p; 64010p; 100014p.
Tag -End 70V: 2000 89p; 4700 135p; 60V: 10,000 255p; 40V: 2500 65p; 3300, 4700 709;
15,000 450p; 26V: 4700 689; 224)0 489; 325V: 200 + 100 + 50 + 100 1909.

TANTALUM BEAD CAPACITORS
35V: 0.15F, 0.22, 0.33, 0.47, 0.68,
1.0, 2.25F, 3.3, 4.7, 6.8; 25V: 1.5,
10; 20V: 1.5; 16V: 10pF 13p each,
47, 10040p; 10V: 22pF, 33; 6V: 47,
68, 100: 3V: 68, 1000 20p each.

POTENTIOMETERS IAB or EGENI
Carbon Track. 5,W Log & 5W Linear values
5000. 1K & 2K (lin only). Single 27p
5K0 -2M0 single gang 27p
560-2M0 single gang D/P switch 60p
51(1)-2M0 due: gang stereo 70p

MYLAR FILM CAPACITORS
100V: 0.001, 0.002, 0.005, 0.01pF6p
0.015, 0.02, 0.04, 0.05, 0.056pF 7p
0.01pF, 0.2 9p 50V: 0.47pF 11p

CERAMIC CAPACITORS: 50V
0.5pF to 10nF 3p each
15nF, 22nF, 33nF, 47nF 4p each
0.16F 6p; 0.2pF 7p

SLIDER POTENTIOMETERS
0-25W log and linear values 60mm
51(0.500K0 single gang
1040 -SOCK() dual gang
Sall Stick Graduated Bezels

709
80p
22p

POLYSTYRENE CAPACITORS
10pF to 1nF 8p; 1.5nF to 47nF 10p.

PRESET POTENTIOMETERS
Vertical & Horizontal
0-1W 500-- 5M0 Miniature
0-25W 1000-3-3M0 Nora
0,25W 2000--47PACI Van

Sp
10p
10p

SILVER MICA (Values in pFl 3-3. 4-7,
6-8. 10. 12. 18. 22, 33 47. 50. 68. 75.
132. 85.10a 120.150.220 9p each
250.300.330 360, 390, 600.82014 each
1000.1800.2000.2200 20p each

MINIATURE TYPE TRIMMERS
2 5-6pF 3.10pF. 10-40pF 22p
5 25pF 5 450F. 60pF 88pF 30p

COMPRESSION TRIMMERS
3-40pF, 10-80pF, 25-190pF 25p
100-500pF 45p; 1250pF 60p

SOLDERCON PINS°
100 pins 50p; 1000 pins 395p

RESISTORS - Erie make 5% Carbon
Miniature High Stability. Low noise

RANGE VAL 1 99 100
IN, 2,20.4 7M E24 1.6p ip
5W 2.20-4 7M E12 2p 1.5p
1W 2.20.10M El2 Sp 4P
2% Metal Film 100- I MO Bp 4p
1% Metal Earn 510-1M top Sp
100 . price apt to Resistors of each type
not mixed values.

OPTO
ELECTRONICS*
LEDs plus clip
TIL209 Red 13
TIL211 Gm 17
TIL2 12 Yellow 18
.2" Red 15
2" Yellow Green 18
Spare Clips 2
0RP12 63
2N5777 45
7 Seg Displays
LS07

75
552

6TIL4030
TIL312 C An 3"105
TIL313 C Cth 3"105
TIL321 C An 5"115
TIL322 C Cth 5"115
DI704 C Cth .3" 99
0L707 C.A. 3" 99
FND357 120
MAN3640 175,
LCD 3f digit 875

TTL 74*
7400 13
7401 13
7402 14
7403 14
7404 14
7405 18
7406 38
7407 38
7408 17
7409 17
7410 15
7411 20
7412 17
7413 30
7414 51
7416 30
7417 30
7420 16
7421 29
7422 24
7423 27
7425 27
7426 36
7427 27
7428 35
7430 17
7432 25
7433 40
7437 30
7438 33
7440 17
7441 74
7442 68
7443 116
7444 112
7445 94
7446 94
7447 82
7448 66
7450 17
7451 17
7453 17
7454 17
7460 17
7470 28
7472 25
7473 32
7474 27
7475 38
7476 36
7480 48
7481 86
7482 69
7483 72
7484 95
7485 106
7486 31
7489 210
7490 33
7491 75
7492 38
7493 32

7494 78
7495 65
7496 57
7497 189
74100 119
74105 62
74107 29
74109 54
74110 54
74111 68
74112 125
74116 198
74118 83
74119 149
74120 115
74121 25
74122 46
74123 48
74125 38
74126 57
74128 74
74132 73
74136 73
74141 56
74142 209
74143 314
74144 314
74145 85
74147 175
74148 109
74150 99
74151 84
74153 64
74154 96
74155 53
74156 80
74157 67
74159 185
74160 82
74161 92
74162 92
74163 92
74164 105
74165 105
74166 140
74167 200
74170 185
74172 625
74173 120
74174 87
74175 87
74176 75
74177 78
74178 102
74180 85
74181 165
74182 88
74184 135
74185 135
74188 275
74190 95
74191 95
74192 98
74193 98

74194 98
74195 98
74196 93
74197 80
74198 150
75150 110
75491 75
75492 80

CMOS*
4000 15
4001 17
4002 16
4006 92
4007 18
4008 82
4009 38
4010 38
4011 18
4012 18
4013 46
4014 80
4015 82
4016 45
4017 82
4018 87
4019 48
4020 99
4021 95
4022 85
4023 22
4024 66
4025 19
4026 180
4027 45
4028 81
4029 99
4030 58
4031 205
4032 100
4033 145
4034 116
4035 111
4036 325
4037 100
4038 108
4039 320
4040 105
4041 80
4042 75
4043 94
4044 95
4045 145
4046 128
4047 87
4048 58
4049 48
4050 48
4051 72
4052 72
4053 72
4054 110
4055 128

4056 134
4057 2570
4059 480
4060 115
4061 1425
4062 999
4063 110
4066 58
4067 380
4068 22
4069BE 20
4070 32
4071 21
4072 21
4073 21
4075 23
4076 85
4077
4078
4081
4082
4085
4086
4089
4093
4094
4095
4096
4097
4098
4099
4160
4161
4162
4163
4174
4175
4194
4408
4409

40
21
20
21
74
73

150
85

190
105
105
372
110
145
109
109
109
109
110
99

108
720
720

4410 720
4411 958
4412F 1650
4412F 1380
4415F 795
4415V 795
4419 280
4422 545
4433 995
4435 825
4440 1275
4450 295
4451 295
4490F 695
4490V 525
4501 19
4502 120
4503 69
4506 51
4507 55
4508 298
4510 99
4511 150
4512 98

LINEAR ICS
702* 75
709C 14 pin 35
710* 67
723* 45
733* 125
741C* 8 pin 22
747C* 78
748C* 36
753* 150
810* 159
8038CC* 340
Ay -1-0212 580
AY -1-1313* 315
AY -1-1320 315
AY -1-5050 180
AY -1-5051 145
AY -1-6721/6 195
AY -3-8500* 385
AY -5-1224A* 260
AY -5-1230* 450
AY -5-1315 580
AY -5-1317A 630
CA3011* 82
CA3020 170
CA3023 170
CA3028A* 80
CA3035 240
CA3043 190
CA3046* 71
CA3048 200
CA3075 175
CA3080E* 80
CA3081 190
CA3089E 210
CA3090AQ 398
CA3123E 200
CA3130* 85
CA3140* 80
ICL7106E* 795
ICL8038* 340
ICM7205* 1190
ICM7215* 1025
ICM7217* 775
LD130* 452
LF356* 98
LM301A 30
LM304 240

95
LM318LM308* 195
LM324* 68
LM339* 60
LM348* 90
LM379* 375
LM380 90
LM381AN 248
LM382 122
LM1458* 58
LM3900* 60
LM3909N* 70
LM3911* 126
M252AA* 750
M253AA* 795
MC724* 175

SWITCHES*
TOGGLE 2A 250V
SPST 28p
DPDT 38p
4 pole on/off 549
SUB MIN TOGGLE

CIA[ SP changeover 599
SPST on/off 549
DPDT 6 tags 70p
DPDT Centre off 79p
DPDT Biased 115p
SLIDE 250V:
1A DPDT 14p
1A DP c/over 159

DPDT 13p
4 pole c/over 24p
PUSH BUTTON
Spring loaded
SPST on/off 65p
SPDT c/over 70p
DPDT 6 Tag 85p

SWITCHES * Miniature Non -Locking
Push to Make 15p Push to Break 259
ROCKER (white) 10A 250V
SP changeover centre off 30p
ROCKER: (black) on/off 10A 250V 23p
ROCKER: Illuminated (white)
Lights when on: 3A 240V 529
ROTARY: (ADJUSTABLE STOP) 1 pole/2-12
way 2p/2 -8W 3p/2 -4W 4p/2 -3W 41p
ROTARY: Mains 250V AC. 4 Amp 45p

OFFER
Texas/ 17P*

SPE
IC741 (
NE555 (Texas) 22p*

JACK PLUGS SOCKETS

2.5mm
3.5mm
MONO
STEREO

Screened
chrome
13p
169
259
32p

Plastic
body
10p
10p
14p
189

open
metal

8p

813Pp
15p

break

20p

moulded
with

contacts

24p

DIN
2 PIN Loudspeaker
3. 4. 5 Pin Audio

PLUGS

13;

SOCKETS

13;

In Line
20p
20p

Co -axial (plastic)
(etal)

10p
18p 11:

12p
22p

PHONO
assorted colours
Metal Screened

10p
15p

Sp single
Bp double
15p 4 -way

15p

20p

BANANA 4mm
2mm
1 inrn

WANDER 3rnm

11p
10p
6p
6p

12p
10p
8p
Bp

in line
couplers

119
12p
18p
22p

OIL SOCKETS* (Low Profile - Texas)

50piloniniM;1244PP inn 1320W; 18 pinp tssf 40 pin183:.;

DIGITAL MULTIMETER
Announcing DM900 - The Digital Multimeter
with a difference - It measures Capacitance too.
(as published in E.T.I. August 1978)
Throw away your analogue meters, here's digital
accuracy at only half the price of an equivalent
commercial Multimeter.
The DM900 is a 31 digit multimeter with an
0.5in L.C.D. display incorporating:
5 AC & DC Voltage ranges; 6 Resistance ranges.
5 AC & DC Current ranges; 4 Capacitance ranges.
The prototype accuracy is better than 1%.
This is a unique design using the latest MOS ICs
and due to the minimal current drain, is powered
by only one PP3 battery. There is also a battery
check facility.
DM900 is an attractive hand-held lightweight
device, built into a high impact case with carrying
handle and has been ingeniously designed to
simplify assembly.
Never before have all these features been offered
to the electronics enthusiast in a single unit.

Price: £54.50° only (p&p insured add 80p)
Send SAE for leaflet.

Ready Built and tested units £78.500
including probes and carrying case

(P&P insured 80p)
(Demonstration on at our shop)

PE VDU
SYSTEMS

parts now available
(send SAE for list)

Convert your TV into a VDU by
using the new Thomson-CSF,
TV -CRT controller chip SF.F
96364. 16 lines by 64 characters,
text refreshment, cursor manage-
ment on TV screen, line erasing,
line end erasing. Compatible with
any computing system.
SFF 96364E £11.75.
AY-5-1013UART £4.50*
71301 ROM SFC £8.20.
5E580102 RAM 1K £2.05.
74LS163 f0.96.
MC1488 E0.85*
MC1489 N.90.
SN75450 E1.20*
SN75451 fl).70*
SN75452 E0.70*
SN75454 £12.40
2102 LF E1.80.
2513 M95.
74LS132 £0.956
81LS97 £1.09*
1 MHz crystal E3.23*

E2.70°
E2.50.

14.31818 MHz
UHF Modulator

TRANSISTORS
AC117* 35
AC125* 20
AC126* 20
AC127* 20

20
AC141* 24
AC141K* 38
AC142* 24
AC142K* 38
AC176* 20
AC187* 20
AC188* 20
ACY17* 35
ACY18* 40
ACY19* 40
ACY20* 40
ACY21* 36
ACY22* 40
ACY28* 40
ACY39* 78
ACY40* 48
ACY44* 39
AD140* 68
AD149* 70
A0161* 42
AD162* 42
AF114* 30
AF115* 30
AF116* 30
AF117* 30
AF118* 55
AF121* 48
AF124* 55
AF125* 35
AF127* 36
AF139* 35
AF178* 70
AF180* 70
AF186* 50
AF239* 42
ASY26* 40
ASY27* 45
BC107* 9
BC1078* 10
BC108* 9
BC108B* 10
BC108C* 12
BC109* 9
BC109B* 12
BC109C* 12
BC113 20
BC114 20
BC115 20
BC116 20
BC117 20
BC118 20
BC119* 28
BC134 20
BC135 20
BC136 18
BC137 20
BC140* 36
BC142* 30
BC143* 30
BC147 7
BC148 7
BC149 8
BC153 27
BC154 27
BC157 10
90158 11
BC159 11
BC160 42
BC167A 11
BC168C 12
BC169C 10

BC170 15
BC171 11
BC172 11
BC177* 18
BC178* 16
BC179* 18
BC182 9
BC182L 11
BC183 9
BC183L 11
BC184 9
BC184L 11
BC186 21
BC187* 28
BC212 10
BC212L 11
BC213 11
BC213L 12
BC214 9
BC214L 13
BC307B 20
BC308 20
8C328 15
BC338 12
BC441* 36
BC461* 38
BC477* 25
BC547 12
BC548 12
BC549C 13
BC557 13
BC558 20
BCY30* 57
BCY34* 75
BCY39* 80
BCY40* 78
8CY43 85
BCY58* 90
BCY59* 90
BCY70* 16
BCY71* 20
BCY72* 20
BCY78* 25
BD115* 65
BD121* 78
80123* 98
80124* 115
BD131* 45
BD132* 45
BD133* 43
BD135* 38
BD136* 37
BD137* 36
BD138* 50
80139* 40
BD140* 36
BD142* 59
BD145* 198
BD222* 75
BD695A* 65
BD696A* 65
BDY17* 195
BDY60* 110
BDY61* 165
8E115* 34
8F154* 25
8F156* 29
BF167 30
BF173* 25
BF177* 24
BF /8* 25
BF179* 30
BF180* 35
BF181* 35
BF182* 36
I3F183* 36

BF184* 38
BF194 12
BF195 12
BF196 12
BF197 14
8F198 18
8 F200* 30
BF224A 18
BF244 29
BF256* 60
BF257* 30
BF258* 30
BF259* 30
BF394 27
8E594 40
BF595 38
BFR39 25
BFR40 28
BFR79 28
BER80 28
BFX29* 28
BFX81* 45
BFX84* 26
BFX85* 28
BFX86* 28
BFX87* 28
BFX88* 28
8P/18* 50
13FY50* 20
BFY51* 20
13E1'52* 20
BFY71* 20
BSX20* 18
BSY65* 30
BSY95* 25
BSY95A* 18
BU105 140
BU205* 190
130208* 225
E5567 65
M138001*158
ME4102 10
ME6002 10
MJ400* 90
MJ491* 160
MJ2955*120
MJE340* 54
MJE370* 58
MJE371* 60
MJE520* 65
MJE521* 74
MJE2955*99
MJ E3055* 70
MPF102 32
MPF103 36
MPF104 36
MPF105 36
MPF106 50
MPF107 50
MPSA05* 25
MPSA06* 25
MPSA12 42
MPSA55 25
MPSA56 25
MPSA70 34
MPSUO2* se
MPSUO5
MPSUO6 e6
MPSU52* 65
MPSU55* 55
MPSU56* 60
MPU131* 39
0C25* 170
0C26* 170
0C28* 105
0C29* 160
0C35* 130
0C36* 130

0C41*
0C42*
0043*
0C44*
0C45*
0C46*
0070*
0071*
0072*
0076*
0077*
0079*
0081*
0082*
0083*
0084*
0C122*
0C123*
0C139*
0C140*
0C141*
0C170*
0C171*
OC201*
0C202*
0C203*
0C204*
TI P29
TIP29A
TIP29C
TIP3O
TIP30A
TIP3OB
TIP3OC
TIP31*
TIP31A*
TIP31 B*
TIP31C*
TIP32*
TIP32A*
TIP32B*
TIP32C*
TIP33*
TIP33A*
TIP33B*
TIP33C*
TIP34*
TIP34A*
TIP34.8*
TIP34C*
TIP35*
TIP35A*
TIP35C*
TIP36A*
TIP36C*
TIP41A*

48
32
55
31
28
28
28
28
30
36
66
76
28
40
48
44
48
48

110
110
85
40
40
75
85
85
86
43
44
60
47
50
64
65
50
50
58
68
56
55
70
76
80
80

100
110
85
85

110
110
219
225
270
280
325
66

TIP418* 73
TIP42A* 72
TIP428* 82
TIP2955* 65
TIP3055* 52
TIS43 34
TI 544 45

1346 45
iiS50 47
TI S60 45
TIS62 52
TIS74 47
TIS90 20
TIS91 24
ZTX107 12
ZTX108 12
ZTX109 14
ZTX300 15
ZTX301 15
ZTX302 20
ZTX303 25
ZTX304 24

MC1303
MC1304P 260
MC1310 149
MC1312P 195
MC1495* 390
MC1496* 92
MC1710* 79
MC3401 52
MC3403* 135
MC3340P* 120
MC3360P 120
MFC4000B 85
MFC6040* 97
MK50398* 635
MK50362* 650
MM2112* 105
MM2112-2* 210
M M5303* 635
MM57160* 620
NE518A* 210
NE555* 29
NE556D8* 60
NE560* 325
NE561* 395
NE562* 410
NE565A* 120
NE566* 160
NE567* 170
NE571* 450
RC4136D* 120
SAD1024A* 1250
SG3402 295
SN76003N 170
SN76013N 140
SN76023N 140
SN76033N 175
SN76115N 215
SN76477* 225
SN76227 115
TAA621AX1 228
TAA960 300
TAD1008* 310
TBA120S 70
TBA5400 220
TBA641BX11 250
TBA651 180
TBA800 90
TBA8105 95
TBA820 70
TDA1004* 290
TDA1022* 595
TDA2020 320
TLO61CP* 48
TL064CN* 199
TL071CP* 76
TL081CP* 52
TL082CP* 96
TL084C?* 130
UAA170 198
ZN414 90
ZN424 135
ZN425E* 415
ZN1034E* 195

Z1'X311 17r
ZTX314 24
ZTX326 30
ZTX341 20
ZTX500 15
ZTX501 15
ZTX502 19
ZTX503 15
ZTX504 25
ZTX531 25
ZTX550 25
2N526* 58
2N696* 35
2N697* 25
2N698* 44
2N699* 54
2N706A* 19
2N707* 39
2N708* 19
2N914* 32
2N916* 27
2N918* 40
2N920* 51
2N930* 18
2N961* 61
2N1131* 22
2N1132* 22
2N1302* 35
2N1303* 50
2N1304* 50
2N1305* 28
2N1306* 35
2N1307* 50
2N1308* 48
2N1613* 23
2N1670*150
2N1671B*215
2N1893* 28
2N1986* 60
2N2160* 350
2N2217* 43
2N2218A*34
2N2219A*20
2N2220A* 23
2N2221* 23
2N2222* 20
2N2297* 46
2N2303* 46
2N2368* 21
2N2369* 15
2N2476* 125
2N2483* 28
2N2484* 25
2N2646* 48
2N2784* 55
2N2846*140
2N2894* 30
2N2904A*22
2N2905A*22
2N2906* 22
2N2907* 20
2N2907A*22
2N2926G 10
2N29260 8
2N2926R 8
2N2926Y 8
2N3011* 24
2N3053* 20
2N3054* 55
2N3055* 55
2N3108 32
2N3121 40
2N3133 43
2N3135 33
2N3250 30
2N3252 38
2N3302 30
2N3442*131

2N3563 20
2N3614* 169
2N3615* 136
2N3663
2N3702
2N3703
2N3704
2N3705
2N3706
2N3707
2N3708

26
11
11
11
11
11
11
11

2N3709 11
2N3710 16
2N3711 12
2N3715* 250
2N3772* 195
2N3773* 288
2N3619 22
2N3820 45
2N3823* 65
2N3824* 70
2N3866* 90
2N3903 20
2N3904 18
2N3905 18
2N3906 17
2N4037* 52
2N4058 17
2N4061 17
2N4064* 120
2N4236* 45
2N4289 20
2N4859 65
2N5135 42
2N5136 42
2N5138 20
2N5179* 60
2N5180* 60
2N5191* 70
2N5305* 40
2N5457 32
2N5458 32
2N5459 32
2N5485 35
2N5777* 45
2N6027 40
40311* 50
40313* 125
40316* 85
40317* 52
40324* 85
40326* 52
40327* 62
40347* 80
40348* 105
40360* 4.3
40361* 45
40362* 45
40407* 52
40411* 295
40412* 65
40467* 95
40576* 190
40594* 90
40595* 98
40603* 58
40636* 125
40673* 68

Diodes
IN4148 4
CR033* 148
Zeners 400mw
2.7-33v 9

Practical Electronics March 1979 5



ICS have
helped thousands

o/ ambitious people
to move up into higher paid

more secure jobs in the field of
electronics -now it can be your turn

Whether you are a newcomer to the field
or already working in the Industry. ICS can

provide you with the specialised training so essential
to success

Personal Tuition and Guaranteed Success

The expert and personel guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful, is the key to our outstanding record in the
technical training field. You study at the time and pace
tbat suits you best and in your own home. In the words
of one of our many successful students: "Since starting
my course, my salary has trebled and I am expecting a
further increase when my course is completed."

City and Guilds Certificates

Excellent job prospects await those who hold one of these
recognised certificates. ICS can coach you for:
Telecommunications Technicians
Radio, T.V. Electronics Technicians
Technical Communications
Radio Servicing Theory
Radio Amateurs
Electrical Installation Work
Also MPT Radio Communications Certificate

Diploma Courses

Colour T.V. Serviting
Electronic Engineering & Maintenance
Computer Engineering and Programming
Radio, T.V. and Audio, Engineering & Servicing
Electrical Engineering, Installations & Contracting

Other Career Courses

A wide range of other technical and professional courses
are available including GCE.

Name

Post this coupon or 'phone today for free
ICS careers guide.

Address

Age

To ICS, Dept. E273, lntertext House,
London SW8 4UJ
or telephone 01-622 9911 (all hours)

Do -it -Yourself Kits Or Factory Assembled

OWERSIOrgans
(DEERS! Pianos
OWERSI String Ensembles
OWERSI MATIC Rhythm
MERE! MATIC Accompaniment
OWERSI VOICE Rotor SoundString Choir

OWEREI Professional Series

OWERSI Audio Mixer 2004
OWEREI TONE Rotating Baffles

OWERSI Speaker Cabinets

Send for our 104 page full -colour cata-
logue and 12 -page price list, for £1.00
only.

AURA SOUNDS (P2),
Copthorne Bank, Crawley, W. Sussex.

AITKEN BROS.
35, High Bridge, Newcastle upon Tyne

Tel: 0632 26729

at
IntIver Accra

TMK 500 MULTIMETER 30,000 o.p.v. AC
volts 2.5, 10, 25, 100, 250, 500, 1000. DC volts.
0.25, 1, 2-5, 10, 25, 100, 250, 1000. DC current
50pa, 5MA, 50MA, 12 amp. Resistance 0-6K,
60K, 6MEG, 60MEG. Decibels. -20 to + 56 db.
Buzzer continuity test size, 160 x 110 x 55MM
Batteries & leads included.
PRICE £24.95.

SINCLAIR PDM35
DIGITAL POCKET MULTI METER
DC volts (4 ranges) 1 MV to 1000V AC volts IV to
500V DC current 16 ranges) 1nA to 200MA.
Resistance 15 ranges) 10 to 20 MEGO. PRICE
£32.95. AC Adaptor/Charger £3.75 de luxe padded
carrying case £3.50 MN1604 Battery. 99p.

SINCLAIR DM235
BENCH -PORTABLE DIGITAL
MULTIMETER.
DC volts (4 ranges) 1 MV to 1000V AC volts (4
ranges) 1 MV to 750V AC & DC current 1 pa to
1000MA Resistance (5 ranges) 10 to 20 MEG 0.
PRICE £54.75 Carrying case £9.50. AC
adaptor/charger. £3.98 Rechargeable Battery Pack.
£9.14.

PANEL METERS
DIMS 60MM x 45MM. 50p amp, 100p amp 1MA,
5MA, 10MA, 50MA. 100MA, 500MA, 1 amp, 2
amp, 25V dc, 30V dc. 50v AC, 300V ac, "5", "VU-
50-0-50pa, 100-0-100pa, 500-0-500pa. PRICE
£4.95.

DESOLDERING TOOL £5.95
SUCTION PUMP.

PHONE OR SEND YOUR ACCESS OR
BARCLAYCARD NUMBER FOR SALES OVER £10.

ALL PRICES INCLUDE POSTAGE AND VAT.
CATALOGUE 50p.

DEDUCTIBLE ON FIRST ORDER OF £5.00 OR MORE.
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EMI SPEAKER BARGAIN
Stereo pair 350 kit. System consists of 13" x
8" approx. woofer with rolled surround; 21/2"
approx. Audax tweeter, crossover components
and circuit diagram. Frequency response 20 Hz
to 20 KHz. Power handling 15 watts RMS. 20
watts max. 8 ohm impedance.

Per stereo pair
f14.95 ,f3.40p&p.

As above but complete with all woodwork in kit form, finished in
simulated teak veneer, with instructions. Per stereo pair
Size approx 20"x11" x91/2" £28,00 £5.00 p&p.

BSR Manual single play
record deck with auto -

return and cueing lever, lined with stereo
ceramic cartridge 2 speeds with 45 r.p.m
spindle adaptor ideally suited from home

or disco111'1' sP1.110.95 4254'5

TURNTABLE BARGAINS FOR PERSONAL SHOPPERS

GARRARD 86SB Deck GARRARD SP25 MKIV Deck

f26.95 I with Shure head. £25.95

Plinth and cover tot BSR decks £6.00

BARGAINS FOR PERSONAL SHOPPERS

PORTABLE
STEREO
RADIO
CASSETTE
RECORDER

UNREPEATABLE

MW, LW, SW and Stereo VHF.
6 watts output Battery/Mains operation.

16o 16 VOLT MAINS TRANSFORMER, 21/2 amp.

Garrard Record auto deck on plinth with

stereo cartridge ready wired.
LED 5 function men's digital watch
stainless steel finish
LCD 5 function men's digital watch
stainless steel finish

LCD 8 Function CHRONOGRAPH men's digital
watch, stainless steel finish.
BATTERY/MAINS CASSETTE RECORDER
with built in mic.

AM/FM DIGITAL CLOCK
RADIO Accurate 4 Digit
Electronic Clock with 1/2" LEO
display. Buzzer and
snooze timer.

f11.95
125 Wan Power Amp Module

Mains power supply for above unit.
MUSIC CENTRE CABINET with hinged smoke

'acrylic top, finished in natural teak veneers,
size 301/4" x 141/2" x 71/4" approx.

MULLARD Built power supply

DECCA DC 1 000 Stereo Cassette P.C.B.
complete with switch oscillator coils and
tape -heads

0 ECCA 20w Stereo speaker At comprising
2 8" approx bass units -r 2 31/2" approx.
tweeter inc crossovers
VIDEOMASTER Super Score TV Game
with pistol mains operation

$issIr*

£69.95
£2.50

f18.95
f5.95
f6.95

f13.95

£12.95

f13.95
f3.50

f5.95

f1.50
f2.95

f20.00
f14.95

PORTABLE RADIO/CASSETTE RECORDER, AM/FM with clock.
LW, MW, SW. VHF mains/battery operation. f41.95
7" TAPE TRANSPORT Mechanism -a selection
of models from f8.95

SANYO Nic/cad. battery. with
mains charger equivalent in
size and replaces 4 SP11
type batts. Size 33/4"x 11/4"
x 2" approx.

+p

f7.50 f1.p50p

AM/FM STEREO
TUNER AMPLIFIER CHASSIS COMPLETE
WITH DECODER
Ready built. Designed in a slim form for compact, modern installation.
Rotary Controls Voi On/011, Bass, Treble, Balance.
Push Buttons for Gram, Tape. VHF, MW, LW
Power Output 5 watts per channel Sine at 2% THO into 15 Ohm
7 watts speech and music.
Tape Sensitivity Playback 400mV/30K OHM for max output Record
200mV/50K output available from 25KHz. (150mV/100K) deviation
FM signal Frequency Range (Audio) 50Hz to 17KHz within ± 1dB
Radio FM sensitivity for 3dB below limiting better than 10 uV
AM sensitivity for 20d8 S/N MW 350 uV/Metre LW lmV/Metre
Size approx length 16" x height 23/4" x depth 41/4"

rr&I)
240 Volts AC Complete with Circuit diagram. f 1 9.95 £2.55

Mullar
AUDIO MODULES IN
BARGAIN PACKS
CURRENT CATALOGUE

PRICE £

AT OVER
PER PACK

SEE OUR PRICES
IPACK 1.2 x LP1173 lOw. RMS output power audio
amp modules, + 1 LP1182/2 Stereo pre amp for
ceramic and auxiliary input

OUR PRICE f 4.95

2 PACK 2 2 x LP1173 1 Ow RMS output power audio
amp modules + 1 LP1184 /2 Stereo pre amp for
magnetic, ceramic and auxiliary inputs.

illus. Op pR IR I 0C OE

£7.45

ACCESSORIES

ACCESSORIES ARE ONLY
AVAILABLE TO THOSE
CUSTOMERS WHEN BUYING
OUR BARGAIN PACKS.

Suitable power supply parts including
mains transformer, rectifier, smoothing
and output capacitors

£1 00 p+p L

Recommended set of
rotary stereo controls

comprising BASS, TREBLE,
VOLUME and BALANCE

P+P 50P 95p

FOR 'ANAL

P

ERS
SHC)PP
coNLY

GARRARD
BARGAIN
LIST PRICE 1411)1ZIK'

OUR PRICE f 39.95

86 SB MKII.
Belt drive,
2 speed turntable
module with
plinth and cover

20 x 20 WATT STEREO AMPLIFIER
Viscount IV unit in teak simulate cabinet. Silver fascia with aluminium
rotary controls/pushbuttons, red mains indicator and stereo jack
socket. Functions switch for mic. magnetic and crystal pickups,
tape tuner and auxiliary. Rear panel features two mains outlets
DIN speaker and input sockets plus fuse 20x20 watts RMS
40x40 watts peak. For use with 8 to 15 ohm f 29.90speakers.

spECUa
£2.50 p&p

FOR PERSONAL SHOPPERS ONLY
FREE. 4 dimensional stereo sound adaptor, when purchasing the
20x20 Viscount amplifier.

30x30 WATT AMPLIFIER IN KIT FORM
For the experienced constructor complete in every detail, same
facilities as Viscount IV, but with 30x30 output. 60x60 watts
peak. For use with 4.15 ohms speakers. f23.00 without cabinet.
E29.80 complete with cabinet. p&p £2.50 in each case.

f23.00 * £2.50 (NOTE Cabinet not f 29.00 ;210
without cabinet. P&P available separately.) complete with cabinet.

OMR
SPEC14wow 30x30 WATT AMPLIFIER IN KIT

Case WITH SPEAKERS
2 Goodman an compact 12" bass woofers with cropped size 14,000
Gauss magnet. 30 watt RMS handling + 31/4" approx.
tweeters and crossovers. £49.00

+ p&p E4.00

BUILTAND READY TO PLAY 39.00
30x30 Viscount Available fully built and tested p&p f2.50

R C
323 EDGWARE ROAD, LONDON W2

21 D HIGH STREET, ACTON W3 6NG
ALL PRICES INCLUDE VAT AT 12'

All items subject to availability. Price correct at

15.12.78 and subject to change without notice.

1111

50 WATT MONO
DISCO AMP

f29.95
P&P f2 50

13V."Sinx " I

50 watts rms. 100 watts peak output. Big features include two disc
inputs, both for ceramic cartridges, tape input and microphone input.
Level mixing controls fitted with integral push-pull switches. Independent
bass and treble controls and master volume
SPECIAL OFFER. The above 50 watt amp plus 4 Goodmans Type 88 8"
speakers Package price (45.00 + f4 00 P&P

70 & 100 WATT
MONO DISCO AMP

14- 4" * 101".
Size approx.

Brushed aluminium
fascia and rotary controls.
Five vertical slide controls master volume.
tape level, mic level, deck level. PLUS INTER DECK FADER
for perfect graduated change from record deck No. I to
No 2. or vice versa. Pre fade level control 70 watt 157
(PFL) lets YOU hear next disc before fading 140 watt ;1?er,1
it in. VU meter monitors output level.
Output 100 watts RMS 200 watts peak. 100 watt 165

STEREO
CASSETTE
TAPE DECK
ASSEMBLY
Consisting of ready built tape
transport system/mechanism
mated to the electronics.
Unit is ready built for in-
stalling into cabinet of
own choice. Features include
pause control, solenoid assisted
auto -stop, 3 digit tape counter, beh
driven balanced fly wheel by DC motor
with electronic speed control. twin VU meters. Specification Power
Output. more than 0.5v, mic. -65dB 101(11. DIN -47d8 1006n.
Track -2 charnel stereo record playback, Tape speed 4.8cm/sec Freq.
response 50.1200 Hz signal to noise ratio 42d8 Recording system AC bias
Erasing system AC erase Bias freq. 57KHz. Compatible for both normal and
chrome dioxide tapes. Size of mechanism only 41/2" x 61/4" x 111/4" approx..
included a moulded top -plate as illustrated

131/4" x 91/4" approx with circuit diagram f25.00 P&P £2.50
Opi extras- Mains transformer to suite (2.50 f1 p & p.

Personal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723 8432. 9.30am-5.30pm. Half day Thursday. ACTON: Mai Order only. No callers GOODS NOT DESPATCHED OUTSIDE UK



A ST R -pAK
92 GODSTONE ROAD

WHYTELEAFE, SURREY CR3 OEB
G

-

RAN D SALE
All prices INCLUDE VAT. Add .25p for P & P (extra for
overseas). Send SAE for complete Special Offers list. Where
more than one price appears, overall quantity prices apply to
groups of devices OF THE SAME TYPE (74 and 74LS
cannot be mixed).

7400 Wes 741.600 Series 7400 Series 741500 Swiss 7400 Series 74LS06 Sena CMOS CMOS CMOS STAR OFFER
1+ 25+ 100+1+ 25+ 100' 1+ 25+ 100+1, 5+ 100+ I. 250 1004 1 , 25, 100+ 1+ 25+100+ 1+ 25+100+ 1+ 25+100* *100 741 8 .111

7400 08 .075 .07 .155 .14 .13 7485 .62 58 .55 .67 60 .56 74161 50 44 40 .60 .53 .48 4000 .13 .11 .10 4069 .14 .13 .12 4538 1.00 .90 .82 '100 555-8 .19
7401 . .105 10 .155 .14 .13 7486 .22 20 .19 .28 .25 .23 74162 .57 52 48 1.10 1.00 .92 4001 .13 .12 .11 4070 .14 .13 .12 4539 .72 60 .54  100 MC1458P 29
1402 .11 .105 .10 .155 .14 13 7489 1.35 125 1.18 74163 57 52 48 60 53 48 4002 .13 .12 .11 4071 .14 .13 .12 4541 SO 21 .70 .100 48161/162 MP
7403 .11 .105 10 .155 .14 .13 7490 30 28 26 42 .38 .36 74164 57 52 48 .82 75 70 4006 .70 62 .58 4072 .14 .13 .12 4543 1.10 .97 88 .511

7404 .11 .105 10 .16 .15 .135 7491 10 55 .52 14165 57 52 48 4001 .13 12 .11 4073 .14 .13 .12 4549 3.00 250 225 *100 80184 .01;
7405 12 115 .11 .16 .15 .135 7492 .33 30 28 74166 70 64 .59 4008 58 .52 48 4075 .14 .13 .12 4553 320 2.80 2.40 '100 130214 .062
7406 22 2I 20 7493 .28 25 .23 43 .40 38 74167 220 205 125 4009 .32 29 27 4078 12 .78 .75 4554 90 78 68 *100 2143055 .35
7407 12 21 20 7494 .50 45 43 74168 1.60 140 125 4010 .36 32 . 0 4077 .38 .35 .32 4555 .75 62 .56 1000 .125" Red
7408 .13 .125 .12 .155 .14 .13 7495 .50 45 42 64 58 55 74159 1.60 140 125 4011 .13 .12 . 1 4078 .14 .13 .12 4556 .75 62 56 led .05
7409 13 .125 .12 .16 .15 .135 7496 48 42 .38 74170 120 1.10 1.00 1.50 1.28 1.12 4012 .13 .12 . 1 4081 14 .13 .12 4557 320 2.80 240 1000.2" Red Led .04
7410 .11 .105 1 0 .155 .14 .13 7497 110 1.70 1.65 74172 390 3.55 3.44 4013 30 .25 .22 4082 14 .13 .12 4558 90 80 72 10001144001 .005
7411 .17 .16 .15 .16 .15 .135 74100 .80 72 .68 74173 90 84 SO -85 80 .76 4014 .68 62 .56 4085 58 .54 .52 4559 3.00 2.50 220 1000 1144002 .028
7412 14 .135 .13 .16 .15 .135 74104 .44 36 .34 74174 .64 .60 56 -58 -52 .49 4015 .60 .55 . 2 4086 58 .54 52 4560 1.45 120 105 1000 154005 .036
7413 23 21 20 28 26 24 74105 .37 31 32 74175 .58 54 51 .58 52 49 4016 32 28 26 4089 120 1.08 1.00 4561 52 .55 .50 1000 154007 .042
7414 .46 .43 .40 .65 .57 .50 74107 22 20 18 32 28 28 74176 58 54 51 4017 .50 48 .44 4093 45 40 .38 4562 420 360 3.25 1000 154148 113
7415 .16 .15 .135 74109 28 26 24 32 28 25 74177 .56 52 49 4018 .55 .50 . 7 4094 1.38 125 1.15 4566 .98 86 .80 *1000 LESS 10%
7416 22 20 1 8 74110 36 34 32 74178 .90 80 .75 4019 40 35 2 4095 85 80 77 4568 1.70 1.50 138 LINEARS
7417 22 20 .18 74111 55 52 50 74179 1.08 100 95 4020 .68 14 10 4096 85 BO 77 4569 1.37 1.15 105 44304514 30
7420 .11 .105 .10 155 .14 13 74112 32 28 25 74180 80 70 .62 4021 .66 12 58 4097 3.00 2.80 267 4580 420 315 340 6.4304114 .40
7421 22 21 20 16 .15 .135 74113 29 26 24 32 28 25 74181 1.15 95 .80 4022 60 .55 52 4098 .90 84 78 4561 199 1.67 1.40 LM38014-14 .6B
7422 17 .165 .16 .16 .15 .135 74114 .32 28 25 74182 52 47 .44 4023 1 3 .12 .11 4099 1.10 95 68 4582 92 74 68 LM3815-14 .93
7423 20 .19 1 8 74116 1.10 1.00 .95 74184 125 1.08 IMO 4024 42 .39 . 6 4160 .88 83 .80 4583 .70 60 .52 LM7105-14 26
7425 20 .19 .18 74118 .78 75 72 741854 100 .90 86 4025 13 .12 .11 4161 .88 83 .80 4584 .30 27 25 LM7115-14 25
7426 21 20 .19 16 .15 .135 74119 1.10 1.00 .95 74186 720 690 6.70 4026 SO .84 .78 4162 88 .83 .80 4585 .98 38 .70 MC1310P14 1.30
7427 21 20 19 16 .15 .135 74120 80 76 .74 74188 2.60 240 225 4027 .30 27 25 4163 .B8 83 10 4599 128 1.70 1.50 146555.8 23
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01116033N 1.65
7445508 317
1446619 1.01)

7444
.65 .60 .57

56 74135 62
.30
.58 55 74199

.96
90 85 4038 .84 . .744510 60 54 50 28 pin .28 25 23 .511

7445
.64
.53

.59
50 48 74136 52 48 .46 .38 33 29 74221

.98
120 1.00 18 94 85 80 4039 2.30 Z18 2.10 4511 65 58 55 40 pin Ai/ 37 36

70864741141200

168800
1.611

.611
1446 .55 .52 50 74137 .74 .68 .66 74247 90 82 .75 4040 .62 .57 .54 4512 62 56 53 LEDS 1648105 III
7447 SO 44 40 17 .60 56 14138 52 45 41 74248 90 82 35 4041 .70 .64 .58 4513 142 130 120 125" 3mm 11348205 75
74413 .55 50 48 82 73 15 74139 52 .45 .41 /4249 90 82 35 4042 .50 45 42 4514 235 2.20 2.08 Red .08 07 06 70427000 1.711
7449 67 60 56 74141 .52 AB 46 74251 1.00 82 74 58 52 48 4043 .56 51 48 4515 235 220 2.08 Yellow .12 115 11 7042020 3011
7450 .12 .115 .11 74142 125 1.75 1.68 74257 68 50 .56 4044 62 .58 .55 4516 .66 60 56 Green .12 .115 11 15414 911
7451
7453

.12

.12
.115 .11
.115 .11

.16 .15 .135 74143
74144

2.30
230

2.10 2.00
210 200

74258
74266

.68
33

56 ,50
28 25

4045
4046

105 25 88
90 .85 10

4517
4518

340
.65

3.15
58

100
55

2- Sour
Red 09 08 07 OP AMPS

7454 .12 .115 .11 .156 .14 .13 74145 .55 50 48 74273 1.90 1.70 1.55 210 1/5 1.50 4047 84 79 75 4519 38 36 34 Yellow 13 125 12 CA3130 7099 811

7455 .16 .15 .135 74147 1.00 92 .88 74279 1.10 20 12 .46 40 .34 4048 42 38 36 4520 62 56 53 Siren 13 125 12 LM301A 8 201

7480 .12 .115 .11 74148 /4 78 .75 74283 150 1.30 1.20 58 53 .50 4049 28 26 24 4521 140 125 1.10 My colours and roes f Or LM348 14 .911

7470 .26 23 21 74150 .60 .55 .50 74284 3.50 320 310 4050 28 26 24 4522 /0 70 63 quannty prices. LM702-14 4Y
7472 22 20 .18 74151 .46 .41 .38 50 .44 .40 74289 3.75 3.45 328 4051 54 49 46 4526 .00 .70 .63 FN0107 Red 7 segment LM709-8 .30
.473 23 21 .20 .28 23 21 74153 46 AI .38 48 42 36 74290 .52 48 15 4052 .54 .49 46 4527 1.15 1.00 90 display. /5" 90 LM709-14 3

7474 23 21 20 28 23 21 74154 78 68 10 120 90 82 74293 120 1.00 80 .80 32 95 4053 .58 52 48 4528 .85 .76 .70 al 1 1 Onto isolator 75 LM709-11199 311

7475 .30 28 26 .40 .35 .32 74155 .50 46 .44 75 17 60 74298 110 1.55 140 .90 82 .75 4054 92 87 84 4529 98 60 35 1517411 .111

7476 26 24 23 .28 23 21 74156 .50 16 .44 .75 67 60 74352 .84 .75 .70 4055 92 87 84 4530 62 38 34 MEMORY L6174114 .15
7478 26 25 23 74157 45 40 38 44 40 38 4060 92 87 84 4531 34 .66 .60 TMS 4030 1M741 1099 .38

MIXED PRICES APPLY FOR7480 AO 36 .34 74158 .55 .52 .48 50 .44 .40 4066 . .32 .30 4532 25 .86 80 1210741 2.50 151747-14 .40
7483 .62 .48 46 .58 .55 .62 74159 1.95 1.80 1 70 4067 245 220 205 4534 4.00 3.50 325 4 off less 10% 1M390014-14 .401

1484 14 .80 77 74160 S7 .52 48 90 84 .75 QUANTITY DISCOUNT 4068 .18 .16 .14 4536 275 2.35 2.15 8 off Nss 20% MC1458P-8 28

MOTOROLA - 1 WATT AUDIO AMPLIFIER I.C.
9-16V, 8-160, 10-400 MV. Sensitivity. S.C. Proof.

No Heat sink required.
Supplied with Data and Circuits, 90p each.

SMOKE AND GAS DETECTOR

Don't Lot Your Environment Dehydrate Youl Uses TGS 105 plug in sensor. housed in neat 31' die cast

Buy our Honeyewell Humidity Controller. box. led indicator. 248. (129 by altering 3 component

Membrane actuated. very sensttive. I" shaft 2509, 3.75A values) Will operate lamp or relay, with data and

Contacts. Ideal for greenhouses. centrally heated homes. circuit/8.95
offices etc. Build your own humidifiers or alarms. Fraction of
original cost.f 1.50 et 3 for [4.

Relays for above f 1 u. state voltage

TRANSISTOR PACKS
100. Full spec, new and marked. Includes BC148,1361841..

CASSETTE MOTORS ME0412. 2E274. BC154 etc, etc. E4.95
Self Regulating, will operate 6-126. Ideal for modelers.

mechanical switching etc. 2000 RP M. mum, 90p ea.
200 as above and includes AC1213, 253055, 6E950,
130131. BF200 etc. E9.95

ULTRASONIC TRANSDUCERS
Buy bulk and save money, these packs are worth at least
double.

Transmitter and receiver. 40 MHz 14 mm.diam f4.25 pair.
P/B SWITCH BANKS

6 16 POLE REED RELAYS ON BOARD Then coat a foram! Were made for various music centres

129 ideal for burglar alarms, model railways etc £2.45
- -

Includes independent and interdependent latching types multi
pole do etc Can be modified. Can't be repeated 3 Banks for
E1

100 MINIATURE REED SWITCHES
We are the cheapest, f3.30 BULK BARGAINS, STOCK UP FOR WINTER

EARPIECES
300 mixed i & 4. watt resistors £1.50
150 mixed I & 2 watt resistors £1.50

Magnetic with plug and Ind 25p or 5 for £1 300 mixed capacitors, modern. most types £3.30
Crystal with lead 40p se. 3 for II 100 mixed ceramic and plate caps £1.20

25 pats and presets [1.50
MAKE CHEAP BATTERY ELIMINATORS 25 presets, skeleton etc. £120

Fully shrouded mini mains transformers 240V in 6,0-66 at 20 VORs and thermistors £1.20

100 MA out. Complete with mains lead and plus ex new 100 Hi -wattage resistors wirewound etc £2.20

equip.90p 100 electrolytics, nice values £2.20
300 printed circuit resistors f 1

DE LUXE FIBRE GLASS 300 pnnred circuit components £1.50
PRINTED CIRCUIT ETCHING KITS

100K MINIATURE THUMBWHEEL SLIDER POTSIncludes 150 sq ins copper clad FIG board. 1 lb Note
chloride. I dalo etch rester pen. Abrasive cleaner. Etch tray Very neat. can be banked side by side Ideal for y cap

plus instructions. Spacial Price £4.95 tuning. graphic equalisers etc. 10 for £1

I lb FE. CI. To mil. spec £125 100K STEREO SLIDER POTS

51b FE. Cl. To mil spec f5.00 Good quality. 25p et 5 for £1
x

150 so in Single sided board £200
150 sq in Double aided board £3.00 MINIATURE LEVEL/BATT. METERS 20001

T.S 0 as fitted to many cassette recorders 90p

40p P & P on all abou items. Cheque or P.O.with order to

SENTINEL SUPPLY, DEPT. P.E.
149A BROOKMILL RD., DEPTFORD, LONDON, SE8

SINCLAIR PRODUCTS microvision tv UK
model E8 9.9 5. PDM3 5 E2 7.2 5. Mains
adaptor £3.24. Case E3.25. DM350 E67.80.
DM450 £96.50, DM235 £49.45. Recharge-
able baits. £7.50. Mains adaptor £3.70.
Enterprise prog calculator £21.95. Cam-
bridge prog calculator £13.13. Prog library
£3.45. Mains adaptor £3.45.
COMPONENTS send sae for full list. 1 lb
FeCI £1.05. Dab pen 73p. 60 sq ins pcb
55p. Laminate cutter 75p. Small drill 20p
zn41 4 £1.05. Pcb and extra parts for radio
E3.85. Case El. 1N4 1 48 1.4p. 1N4002
2.9p. 723 29p. 741 15p. NE555 23p.
bc1 825, Sc 183b, bcl 84b, bc2 1 2b, bc2 1 3b,
bc2 1 4c 4.5p. Plastic equivs bc107, bcl 09
4.8p. 5% El 2 resistors 10R to 10M 1p.
0.8p for 50+ of one value. Electrolytics 18V
5/1/2/5/1 0/22mf 5p, 1 00mf 6p, 1000mf
1 Op, 1 500mf (PCI 3.4p, 109 2mf 1.7p,
1 000mf 5.1p, 2200mf 6p. Polyesters 250V
.015, .068, .1mf 1 1p. Ceramics 50V E6 22pf
to 47n 2p. Polystyrenes 63V E12 1 Opf to
10n 3p. Zeners 400mW E24 2V7 to 33V 7p.
TV GAMES send sae for data. AY -3-8500 +
kit £8.95. AY -3-8600 + kit £12.50. Wipe
out chip + kit £17.90. Stunt cycle chip
£6.90, kit £4. Rifle kit £4.95. Road race chip
+ kit £17.90.
TRANSFORMERS 6-0-6V 100mA 74p,
14A E2.35. 6.3V 14A E1.89. 9-0-9V 75mA
74p, 1A £2, 2A £2.60. 1 2-0-1 2V 100mA
90p. 1 A £2.49.

IC AUDIO AMPS with pcb JC1 2 6W £1.60.
JC20 E2.95. JC40 20W £2.95.
BATTERY ELIMINATORS 3 -way type
6/74/9V 300mA E2.95. 100mA radio type
with press -studs 9V £3.35, 9 + 9V £4.50.
Stabilized type 3/6/74/9V 400mA £5.30.
12V car convertors 3144/8/74/9V 800mA
£2.50.
BATTERY ELIMINATOR KITS send sae for
data. 100mA radio types with press -studs
44V £1.40, 6V £1.40, 9V CIAO, 44 +
£1.80, 6 + 6V £1.80, 9 + £1.80.
Stabilized 8 -way types
3/44/6/7 }/9/1 2/1 5/1 8V 100mA £2.80,
1 Amp £6640. Stabilized power kits 2-18V
100mA £3.60, 2-30V 1A £6.95. 2-30V 2A
£10.95. 12V car convertor 6/7.1/9V 1A
f 1.35.
T -DEC AND CSC BREADBOARDS s-dec
£3.17, t-dec £4.02, u-deca £4.40, u-decb
£6.73. 16 dit adaptor £2.14. exp 300 £6.21.
exp 350 £3.40. exp 650 £3.89. exp 4b
£2.48.
BI-PAK AUDIO MODULES S450 £23.51,
AL60 £4.86. pa100 £15.58. spm80 E4.47.
bmt80 £5.95. Stereo 30 £20.12.

SWAN LEY ELECTRONICS
(Dept. PE) 32 Goldsel Road,

Swanley, Kent BR8 8EZ
Post 30p extra. Prices include VAT.

STORAGE CABINETS

Type 1838

Metal Cabinets 12" wide x 54"
deep, finished blue with trans-
parent plastic drawers.

Type H No. of Drawers Price
(ins) Sm MedLge

1118 11 15 2 1 £8.65
1633 16 30 2 1 £10.95
1838 18 35 2 1 £12.95
2236 22 30 4 2 £14.75
2260 22 60 £14.95

Prices include VAT and Post. Cheque/P.O. to:

Millhill Supplies (Tools),
35 Preston Crowmarsh, Benson,

Oxon OX9 6SL.
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Understanding Digital Electronics
New teach -yourself courses

Desi90 of
Digital Systems

Book 3 Yi1.011C

Desf90 of
Digital Systems

Book 6 6

Design of Digital Systems is written for the engineer seeking to learn
more about digital electronics. Its six volumes - each A4 size are
packed with information, diagrams and questions designal to lead you
step-by-step through number systems and Boolean algebra to
memories, counters and simple arithmetic circuits, and finally to a
complete understanding of the design and operation of calculators and
computers.

The contents of Design of Digital Systems include:

Book 1 Octal, hexadecimal and binary number systems; conversion
between number systems; representation of negative numbers; com-
plementary systems; binary multiplication and division.
Book 2 OR and AND functions; logic gates; NOT, exclusive -OR,
NAND. NOR and exclusive -NOR functions; multiple input gates; truth
tables; De Morgans Laws; canonical forms; logic conventions; Kar-
naugh mapping; three -state and wired logic.
Book 3 Half adders and full adders; subtractors; serial and parallel
adders; processors and artithmetic logic units (ALU5); multiplication
and division systems.
Book 4 Flip flops; shift registers; asynchronous and sychronous
counters; ring, Johnson and exclusive -OR feedback counters; ran-
dom access memories (RAMs) and read only memories (ROMs).
Book 5 Structure of calculators; keyboard encoding; decoding display
data; register systems; control unit; program ROM; address decoding;
instruction sets; instruction decoding; control program structure.
Book 6 Central processing unit (CPU); memory organization; character
representation; program storage; address modes; input/Output
systems; program interrupts; interrupt priorities; programming; assem-
blers; computers; executive programs; operating systems and time
sharing.

NOM Computer
Logk and
Outranks
 -

Eli
A

Digital Computer
Logic and
Ililectronks

Digital Computer
Logic and
Ekdronia
Seeb 4

JK-

Digital Computer Logic and Electronics is designed for the beginner.
No mathematical knowledge other than simple arithmetic is assumed,
though the student should have an aptitude for logical thought. It 'con-
sists of four volumes - each A4 size - and serves as an introduction
to the subject of digital electronics. Everyone can learn from it -
designer, execxutive, scientist, student, engineer.

Contents include: Binary, octal and decimal number systems; con-
version between number systems; AND, OR, NOR and NAND gates
and inverters; Boolean algebra and truth tables; De Morgans Laws;
design of logic circuits using NOR gates; R -S and J -K flip flops; binary
counters, shift registers and half adders.

CAMBRIDGE LEARNING ENTERPRISES. Unit 26, Rivermill Site, FREEPOST, ST. IVES,

HUNTINGDON, CAMBS. PE17 4BR, ENGLAND. TELEPHONE ST. IVES (0480) 67446.

PROPRIETORS: DRAYRIDGE LTD. REG. OFFICE: RIVERMILL LODGE, ST. IVES.

oren IN MI Nn 1128787

In the years ahead the products of digital electronics technology will
play an important part in your life. Calculators and digital watches are
already commonplace. Tomorrow a digital display could show your
vehicle speed and fuel consumption; you could be calling people
by entering their name into a telephone which would automatically
look up their number and dial it for you.

These courses were written by experts in electronics and learning
systems so that you could teach yourself the theory and application of
digital logic. Learning by self -instruction has the advantages of being
faster and more thorough than classroom learning. You work at your
own pace and must respond by answering questions on each new
piece of information before proceeding.

After completing these courses you will have broadened your
career prospects and increased your fundamental understanding of
the rapidly changing technological world around you.

The six volumes of Design of
Digital Systems cost only:

And the four volumes of
Digital Computer Logic and
Electronics cost only:

But if you buy both courses,
the total cost is only:

£8.10

£4.60

£12 +El post & packing

+90p post & packing

+90p post & packing

Price includes surface mail anywhere in the world: Airmail extra.

Flow Charts & Algorithms
HELP YOU PRESENT:
safety procedures, government legislation, office proce-
dures, teaching materials and computer programs by
means of YES and NO answers to questions.

THE ALGORITHM WRITER'S GUIDE explains how
to: define the questions, put them in the best order and
draw the flow chart, with numerous examples shown. All
that students require is an aptitude for logical thought.
Size: A5, 130 pages. This book is a MUST for those with
things to say.

£2.95 + 45o post and packing by surface mail anywhere
in the world. Airmail extra.

GUARANTEE
If you are not entirely satisfied your money will be refunded.

Please allow 21 days for delivery.

Cambridge Learning Enterprises, Unit 26, Rivermill Site,
FREEPOST, St. Ives, Huntingdon, Cambs. PE17 4BR, England.

Please send me the following books:
sets Digital Computer Logic & Electronics @ £5.50,
included
sets Design of Digital Systems @ £9.00, p & p included
Combined sets @ £13.00, p & p included
The Algorithm Writer's guide @ £3.40, p & p included

Name

Address

P & P

I enclose a *cheque/PO payable to Cambridge Learning Enterprises
for £
Please charge my *Access/Barclaycard /Visa /Eurocard / Mastercharge/
Interbank account number
Signature *delete as appropriate.
Telephone orders from credit card holders accepted on 0480-67446
(Ansafone). Overseas customers should send a bank draft in sterling drawn
on a London Bank. or mote credit card number. PF-26
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+ can. £15 + VAT

or Deposit £57.12
12 Months @ £22.23 or 24 Months @ £12.73

SAXON ENTERTAINMENTS
THE PIONEERS OF MODULAR DISCO/P.A. EQUIPMENT

NOW OFFER PACKAGE DEALS AT INCOMPARABLE PRICES

CENTAUR
STEREO DISCOS

C/W LIGHT SHOW & DISPLAY,
TWIN SPEAKERS & LEADS

Standard 100W
£249

Super 200W
£299

+ corr. £15 + VAT

or Deposit £68.12
12 Months @ £26.41 or 24 Months @ £15.11

GXL 200W(
£389 carr. £15 + VAT

or Deposit £87.32
12 Months @ £34.02 or 24 Months @ £19.47

COMPLETE STEREO
ROADSHOWS - BUILT IN

SOUND TO LIGHT/SEQUENCER
& DISPLAY

4.kTWO YEAR GUARANTEE

1116
IRMINIMEMIRIMMINERIMENIS

illustration shows GXL Centaur System

These systems feature full mixing for two decks
tape & mic with monitoring facilities - override
and are supplied complete with sound to light -
sequencer, display, speaker leads etc.

JUST PLUG IN AND GO!
BSR Decks - 17,000 Line Loudspeakers - Rugged Aluminium Trimmed Cabinets - Cue Light And Phones

Output - Slave Output - Deck Lights/Motor Starts (GXL)
ALSO CENTAUR 'CUSTOM' 400 600W £699 - ASK FOR DETAILS

MINI DISCO
100 WATT

MONO SYSTEM
E179.50 corr £15 + VAT

Deposit £42.06
12 Months @ £16.43 or 24 Months @ £9.43

Similar in appearance to the Centaur and
complete with loudspeakers and leads.

Headphones to suit any system
EM507 Electret Mic
DI501 Electret Mic
Boom Stand
Carriage on all disco and PA systems
(Included in H.P. Prices)

20% Deposit Terms
12 to 24 Months
- Low Interest

£ 1 5 .00
£18.50

15.50
00.00

AMPLIFIER MODULES
 30Hz-20kHz
0 Short/open circuit proof
0 Top grade components
0 Suit most mixers

240 WATT 4 OHM
INDUSTRIAL

MODULES EIGHT
OUTPUT DEVICES

SA308
8 ohms 30W 45V
SA604
4 ohms 50V
SA608
8 ohms 60W 65V
SA1204
4 ohms 120W 75V
SA1208
8 ohms 120W 95V

vrir
£35 SUPPLY £24.75

10.75* 2 modules £11.90*

£14.50 S forupply
IY,

£15.50 2 modules

£17.50 Supply for
/ module

£21.00 Supply for
2 modules

£14.95

£14.95

£24.75

SAXON KLAXON
FOUR

WAY
SIREN

UK Police - Destroyer - US Police - Hawaii Five -0
All the effects you need in one package £17.50

Carr free

Individual sirens with any of the above effects £7.50

CABINET FITTINGS
ICI Vynide 50" wide £3.50m Kick-res grille 50" wide £3.50m
Netlon kick proof 24" wide £3.50m
Corners/feet/recess plates 15p ea. Recess handle 45p
Bar handles £2.50 Jack plugs/sockets 25p

SOUND -TO -LIGHT UNITS
3 CHANNEL - 3kW

I", 8, irk,
Operates from 1W upwards tn, Boss/middle/treble/master
controls 1):421£29.50 -c,,-,14 rer

Module only £19.75 Panel £2.95

4 CHANNEL -4 kW SOUNDLITE SEQUENCER As)
0 Dimmer on each channel
0 Automatic sound light level
D Logic circuitry throughout £39.50 Carr £1

Module only £26.75 Panel £2.95

SAXON 'SMASH'
ALIEN VOICE -SIMULATOR
Add a new dimension to your disco
with this press button effect unit -
lust insert between mic and amplifier

£7.50 Carr free

SAXON `SCINTILLITE'
Rope light controller with auto reverse

£24.75 freer

SAXON Rope Lights multicolour
25 feet long

Easy to change lamps £35.50 Spare bulbs
10p ea.

LOUDSPEAKER CABINETS -
COMPLETE WITH LEADS
0 Fitted with 100W 17,000 Gauss drivers
0 Rugged cabinets with aluminium trim - black vynide etc
0 Lifetime guarantee on main drive unit

Standard 100W 1 x 12 (48x41 x24)

Large 100W 1 x 12 (65x48x 24)

P.A. 1 x 12 (+2 Piezos) (80x 38 x 24)

P.A. 2 x12 200W (100 x38 x 241

Disco 2 x 12 200W (80 x 63 x 24)

PDF reflex bin (80 x 40 x 41)

£39.00

£49.50

£66.50

£99.00

£85.00

£95.00

Corr £3
Depos t £9.36

Carr £3
Depos t £12.70
Carr £3
Depos t £15.82
Carr £3
Depos t £20.92
Carr £3
Depos t £19.80
Carr £3
Depos t £20.60

PDF100 Reflex Bin - Twin Horns - Integrated Slave
Amplifier - Accepts mono or stereo signals
D Use with all types of mixer
D Pan and volume controls Carr £3
D Send for details 30£1 Depos,t £28.40

FUZZ LIGHTS Red, Blue
Yellow, Green £22.80

100W SPOTS Carr 50p max
Red - Blue - Amber - Green £1.50 ea. Free on 10+

HEAVY DUTY SPOT BANKS - MATCHES LOUDSPEAKERS

3 way 600W £35.50 4 way 800W £39.50 2"

Available complete and ready to plug in or os
an easy to connect module with all controls
except monitor switch already fitted - full
instructions supplied.

FEATURES INCLUDE:
Twin Deck - Mic & Tape Inputs - Wide range
boss & treble controls - Full headphone
monitoring - Crossfode - Professional stain
dard performance.

DISCO MIXERS -COMPLETE OR MODULAR

to `; 1111111111111 4. MONO OR STEREO
0 00000000 4,,G,Gi WITH AUTOFADE

MODULES
Mono module £27.50
Stereo module £37.50
Panel £3.95
Kit of knobs/
sockets etc £5.50

COMPLETE MIXERS
(with case)
Mono mains £45.75
Stereo mains £63.75

PLUTO PROJECTORS & WHEELS

P140 1e5m0 aWr kaat tbe tungstenalue

S41711.2.66

P5000 2Ifl5,00 \c.\.f.,aanttgC1e .f1,.tt+in gf a n

£87.50 CSeoprroElt.

si £20.28

Picture wheels from £4.75 - a wide range of wheels 8 effects
available - send for leaflet

MOTOROLA PIEZO HORNS
£4.50. YES!!
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,NOW
OPEN

AT

100 WATT £159.90
12 mth @ £14.77 or 24 mth @ f8.48

MANCHESTER
PACKAGE DEAL

P.A. SYSTEMS
2 YEAR

GUARANTEE
4- Carr DEPOSIT
£15 +VAT £37.89

£13.99

* AP100 4 INPUT AMPLIFIER (see below)
* TWIN PIEZO HORN 100W COLUMNS & LEADS

200 WATT £249.00
+ Corr

£15 +VAT

12 mth @ £22.23 or 24 mth @ £12.73 £21.12

* USES NEW AP200 SIX INPUT AMPLIFIER (below)
* PAIR OF TWIN 200W PIEZO HORN COLUMNS

DEPOSIT

AP100 AMPLIFIER £49.50
+VAT £4.08

* 4 mixing units + £1.50 Carr
* Bass, treble, master
controls Deposit
* Twin outputs -
vynide case £1 0.22

£57.12

. .

111000006C11110:
SfIh1:1 51,STitin Et IV III

AP200 NEW £89.50 +VAT £7.28
* 6 mixing inputs + £2.50 Carr

* 3 set of bass/treble
controls Deposit
* Master & Prescence
controls £20.36

a 44 0

SAM)

Make
your own

mixer
Mono/
Stereo

up to 20
channels
accept all

inputs
amiable

as PCB
only or

complete
on front
panels

D.I.Y. MODULES FOR P.A. SYSTEMS
MONO/STEREO

Mono PCB Mono C/W
Input only £6.50 Front panel £9.50

Modules Stereo PCB Stereo C/W
only £10.50

...
Front panel t I J./ J

Mono PCB Mono C/W
Mixer/ only £6.50 Front panel tV.JO

Monitor Stereo PCB Stereo C/W ....
Modules only £10.50 Front panel t I 3.75

Power supply o suit £9.50 - send for full details of uses

PA SYSTEM
ACCESSORIES

D1501 Dual Imp
High 0/P condenser mic
EM507 High output
single impedance mic
ECM105 Low cost
condenser mic

£18.50*
E15.00*
£5.00*

TWIN PIEZO HORN
BOXES

to match other cabinets

£27.50 Deposit 117 3°

Heavy chrome mic stand
- collapsible £9.90

Boom version £16.95

MELOS CASSETTE ECHO/REVERB
Twin input unit - infinitely
variable speed, depth &
delay - playback feature
Suits all mics &
instruments

Carr
£65.00 £1

Deposit £14.80

ADD ANY ACCESSORIES
TO YOUR TOTAL
CREDIT ORDER

All prices subject to 8°. VAT except where asterisked (I 2..12%)

Shop premises open Tues to Sot 9 am - 5 pm Lunch 12.30 - 1.30 pill
Mod order dept open Mon to Fri 10 am = 4 pm Ring 01-684 6385

TO ORDER
By Post Send your requirements with cheque crossed P.O.or

60p COD charge to address below or lust send your
Access or Barclay Card Number NOT THE CARD.

By Phone You may order COD Access or Barclay Card.
Post & Packing 50p on all orders except where stated.

SAXON ENTERTAINMENTS
327 Whitehorse Road, Croydon, Surrey.

All Enquiries Large SAE Please Brochures on request

MANCHESTER DISCO CENTRE, 237 DEANSGATE, MANCHESTER
CALLERS ONLY - (061) 832 8772 - COMPLETE UNITS ONLY

Wilmslow
Audio

THE firm for speakers!
SEND 15p STAMP FOR THE WORLD'S BEST CATALOGUE OF
SPEAKERS, DRIVE UNITS, KITS, CROSSOVERS, ETC. AND

DISCOUNT PRICE LIST

AUDAX  AUDIOMASTER  BAKER
BOWERS & WILKINS  CASTLE  CELESTION

CHARTWELL  COLES  DALESFORD
DECCA  EMI  EAGLE  ELAC  FANE

GAUSS  GOODMANS  I.M.F.  ISOPHON
JR  JORDON WATTS  KEF  LEAK  LOWTHER

McKENZIE  MONITOR AUDIO  PEERLESS
RADFORD  RAM  RICHARD ALLAN  SEAS
SHACKMAN  STAG  TANGENT  TANNOY

VIDEOTONE  WHARFEDALE  YAMAHA

WILMSLOW AUDIO (Dept. P.E.)
SWAN WORKS, BANK SQUARE, WILMSLOW,

CHESHIRE SK9 1HF

Discount HI-FI, etc. at 5 Swan Street and 10 Swan Street
Tel.: Wilmslow 529599 for Speakers Tel.: Wilmslow 526213 for Hi-Fi

Become?
a radio
amateur.
Learn how to become a radio -
amateur in contact with the whole
world. We give skilled preparation
for the G.P.O. licence.

Brochure, without obligation to:

BRITISH NATIONAL RADIO
& ELECTRONICS SCHOOL,

P.O.Box 156, Jersey, Channel Islands.

NAME

1
1

1
ADDRESS

(Block caps please).
NW III IIIII MOM Ill ================= NI IIIII OM MO
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74 SERIES TTL
Type Price Type Price Type Price Type Price Type Price
7440 £0.07 7427 £0.21 7472 £0.19 74107 £0.22 74165 £0.65
7401 £0.09 7428 £0.25 7473 £0.22 74110 £0.35 74166 £0.75
7402 £0.09 7430 £0.08 7474 £0.22 74111 £0.55 74167 £2.00
7403 £0.09 7432 £0.20 7475 £0.27 74118 £0.75 74174 £0.60
7404 £0.09 7433 £0.28 7476 £0.22 74119 £1.10 74175 £0.60
7405 £0.09 7437 £0.20 7480 £0.40 74121 £0.22 74176 £0.55
7406 £0.22 7438 £0.20 7481 £0.80 74122 £0.35 74177 £0.55
7407 £0.22 7440 £0.10 7482 £0.65 74123 f0.38 74180 £0.80
7408 £0.12 7441 £0.45 7483 £0.55 74136 £0.50 74181 £1.25
7409 £0.12 7442 £0.38 7494 £0.82 74141 £0.50 74182 £0.55
7410 £0.09 7443 £0.68 7485 £0.65 74145 £0.54 74184 £1.00
7411 £0.15 7444 £0.68 7486 £0.22 74150 £0.65 74190 £0.68
7412 £0.14 7445 £0.64 7489 £1.60 74151 £0.45 74191 £0.68
7413 £0.22 7446 £0.60 7490 £0.30 74153 £0.45 74192 f0.65
7414 £0.45 7447 £0.45 7491 £0.60 74154 £0.80 74193 £0.60
7416 £0.22 7448 £0.52 7492 £0.32 74155 £0.48 74194 £0.55
7417 £0.22 7450 £0.09 7493 £0.28 74156 £0.48 74195 £0.55
7420 £0.09 7451 £0.09 7494 £0.70 74157 £0.48 74196 £0.60
7421 £0.19 7452 £0.09 7495 £0.45 74160 £0.55 74197 £0.58
7422 £0.15 7453 £0.09 7496 £0.48 74161 £0.60 74198 £1.00
7423 £0.20 7454 £0.09 74100 £0.80 74162 £0.60 74199 £1.00
7425 £0:18 7460 £0.09 74104 £0.35 74163 £0.60 74279 £1.00
7426 £0.21 7470 £0.24 74105 £0.35 74164 £0.65

THYRISTORS
No. THYI A/50 1 Amp 50 volt TO5 18p
No. THY1A/400 1 Amp 400 volt 105 32p
No. THY3A/50 3 Amp 50 volt 1064 25p
No. THY3A/200 3 Arne 200 volt T064 32p
No. THY3A/400 3 Amp 400 volt 1064 40p
No. THY5A/50 5 Arne 50 volt 1066 25p
No. THY5A/400 5 Amp 400 volt 1066 40p
No. THY5A/600 5 Amp 600 volt 1066 50p
No. C106/4 6 Amp 400 volt T0220 42p

TRIAC
S84 8 Amp 400 volt T0220 80p

ITT.
BR100

DIACS
V413 equt
D32 each

12p
12p

CMOS I.C.'s
Type Price Type Price Type Price Type Price
CD4000 £0.12 00401 7 £0.65 CD4031 £1.60 CD4055 £1.00
CD4001 £0.13 CD4018 £0.70 CD4035 £0.90 CD4056 £1.15
CD4002 £0.13 CD4019 £0.35 CD4037 £0.78 CD4069 £0.15
CD4006 £0.80 CD4020 £0.80 CD4040 £0.78 CD4070 £0.15
CD4007 £0.14 CD4021 £0.75 CD4041 £0.68 CD4071 £0.15
CD4008 £0.80 CD4022 £0.75 CD4042 £0.68 CD4072 £0.15
CD4009 £0.40 CD4023 £0.13 CD4043 £0.78 CD4081 £0.15
CD4010 £0.42 CD4024 £0.55 CD4044 £0.78 CD4082 £0.16
CD4011 £0.13 CD4025 £0.13 CD4045 £1.15 CD4510 £0.80
CD4012 £0.14 CD4026 £1.00 CD4046 £0.95 CD4511 £0.80
CD4013 £0.35 CD4027 £0.45 CD4047 £0.75 CD451 6 £0.85
CC4014 £0.70 CD4028 £0.60 CD4049 £0.35 CD4518 f0.85
CD4015 £0.70 CD4029 £0.75 CD4050 £0.35 CD4520 £0.85
CD4016 £0.35 CD4030 £0.40 CD4054 £0.95

CAPACITOR PAKS
16201 18 Electrolytics 4.7pF - 10pF
16202 18 Electrolytics 10pF - 100pF
16203 18 Electrolytics 100pF - 6805F

All 3 at SPECIAL PRICE of 0.20.
16160 24 Ceramic Caps 22pF - 82pF
16161 24 Ceramic Caps 100pF - 390pF
16162 24 Ceramic Caps 470pF - 3300
16163 21 Ceramic Caps 4700pF - 0.0475F

All 4 at SPECIAL PRICE of £1.60.

BOOKS BY BABANI
The following books are offered 0110% off their normal price.

BP6 Engineers & Machinists Reference Tables
BP14 Second Book of Transistor Equivalents &

Substitutes
BP22 79 Electronic Novelty Circuits
BP24 52 Projects Using IC741 or equivalents
BP26 Radio Antenna Handbook for Long Distance

Reception & Transmission £0.85 £0.77
BP27 Giant Chart of Radio Electronic Semi -conductor

and Logic Symbols £0.60 £0.54
BP32 How to Build Your Own Metal & Treasure

Locators £0.85 £0.77
BP34 Practical Repair & Renovation of Colour TV's £0.95 £0.86
BP35 Handbook of IC Audio Preamplifier & Power

amplifier construction £0.95 £0.86
BP36 50 Circuits Using Germanium, Silicon & Zener

Diodes £0.75 £0.68
BP37 50 Projects Using Relays SCR's and Triacs £1.10 £0.99
BP39 50 (FETI Field Effect Transistor Projects £1.25 £1.13
BP40 Digital IC Equivalents & Pin Connections £2.50 £2.25
BP41 Linear IC Equivalents & Pin Connections £2.75 £2.48
BP42 50 Simple LED Circuits £0.75 £0.68
BP43 How to make Walkie-Talkie £1.25 £1.13
BP44 IC 555 Timer Projects £1.45 £1.31
BP45 Projects on Opto-Electronics £1.25 £1.13
BP46 Radio Circuits using IC's £1.35 £1.22
BP47 Mobile Discoteque Handbook £1.35 £1.22
BP48 Electronic Projects for Beginners £1.35 £1.22
BP49 Popular Electronic Projects £1.45 £1.31
BP50 IC LM3900 Projects £1.35 £1.22
BP55 Radio Stations Guide f 1.45 £1.31
BP160 Coil Design & Construction Manual £0.75 £0.68
BP202 Handbook of Integrated Circuits (ICs)

Equivalents & Substitutes £0.75 £0.68
BP205 First Book of Hi-Fi Loudspeaker Enclosures £0.75 £0.68
BP213 Electronic Circuits for Model Railways £0.85 £0.77
8 P215 Shortwave Circuits & Gear for Experimenters

and Radio Hams £0.85 £0.77
BP216 Electronic Gadgets & Games £0.85 £0.77
BP217 Solid State Power Supply Handbook £0.85 £0.77
BP221 28 Tested Transistor Projects £0.95 £0.86
BP222 Solid State Short Wave Receivers for

Beginners £0.95 £0.86
BP223 50 Projects Using IC CA3130 £0.95 £0.86
BP224 50 CMOS IC Projects £0.95 £0.86
BP225 A Practical Introduction to Digital ICs £0.95 £0.86
BP226 How to Build Advanced Short Wave Receivers £1.20 £1.08
BP227 Beginners Guide to Building Electronic

Projects £1.25 £1.13
BP228 Essential Theory for the Electronics Hobbyist £1.25 £1.13

Normal Sale
Price Price
£0.40 £0.36

£1.10 £0.99
£0.75 £0.68
f0.75 £0.68

RESISTOR PAKS
Order No.
16213
16214 603W.
16215 603W.
16216 601W.

100 ohm - 820 ohm
1K - 8.2K
10K -82K
100K - 820K

4114 at SPECIAL PRICE of £1.60.
16217 403W. 100 ohm - 820 ohm
16218 403W. 1W - 8.2K
16219 403W. 1K - 8.2K
16220 403W 100K - 820K

All 4 at SPECIAL PRICE of 0.60*

SPEC/AL. OFf412!
UNTESTED

SEMICONDUCTOR PAKS
Code No s shown below are given as a guide to the
type of device. The devices themselves are normally
unmarked.
No. 16130 100 Germ. Gold bonded diodes

like 0A47 40p
No. 16131 150 Germ. Point contact diodes

like 0A70/81 40p
No. 16132 100 200mA Sil. diodes like

0A200 40p
No. 16133 150 75m4 Sil. Fast switching

diode like IN4148 40p
No. 16134 50 750mA Sil. top hat Rects. 40p
No. 16135 20 3 amp Sil. stud Rect. 40p
No. 16136 50 400mw Zeners D.0.7 case 40p
No. 16137 30 NPN Plastic trans. like

BC107/8 40p
No. 16138 30 PNP Plastic trans. like

BC177/8 40p
No. 16139 25 NPN trans. like 2N697/

2N1711 TO39 40p
No. 16140 25 PNP trans. like 2N2905 T039 40p
No. 16141 30 NPN trans. like 2N706 TO18 40p
No. 16143 30 NPN Plastic trans. like 2N3906 40p.
No. 16144 30 PNP Plastic trans like 2N3905 40p
No. 16145 30 PNP Germ. trans. like 0071 40p
No. 16147 10 NPN to 3 Power trans. like

2N3055 90p

No. S66
No 567
No 568
No. S69
No. S70

I.C. SOCKET PAKS
11 x 8 pin DIL Sockets
10 x 14 pin DIL Sockets
9 x 16 pin DIL Sockets
4 x 24 pin DIL Sockets
3 x 28 pin DIL Sockets

£1.00
£1.00
£1.00
£1.00
£1.00

VOLTAGE
REGULATORS

Positive
No. MVR7805 6A7805 10220 55p
No. MVR7812 9A7812 10220 55p
No. MVR7815 8A7815 10220 55p
No. MVR7818 6A7818 TO220 55p
No. MVR7824 pA7824 T0220 55p

Negative
No. MVR7905 pA7905 10220 75p
No. MVR7912 pA79I 2 T0220 75p
No. MVR7915 pA7915 T0220 75p
No. MVR7918 pA79I 8 T0220 75p
No. MVR7924 pA7924 T0220 75p

pA723C 7099 38p 72723 14 38p
LM309K T03

MAMMOTH I.C. PAK
Approx. 200 pieces Assorted fall -out integrated
circuits, including Logic 74 series, Linear, Audio and
D.T.L. Many coded devices, but some
unmarked -you to identify.
Order No 16223 £1.00

NKT301
NKT302
NKT303
NKT304

MATCHED PAIRS OF
PNP GERMANIUM

MED. POWER TRANS
2 amp 750mW

VCE VCB HFE
40 60 30-100
40 60 50-150
20 30 30-100
20 30 50-150

35p per pair
35p per pair
25p per pair
25p per pair

SWITCHES
No. 16178 5 x Mains Slide Switches
No. 517 5 x Miniature Slide Switches
No. S18 4 x Standard Slide Switches
No. S19 4 x Miniature Push to Make

single hole mounting
No. S20 3 x Miniature Push to Break

single hole mounting
No. S21 Push button Switch Pak

4 x Assorted types multi
bank and singles
Latching and non -Latching

40p.
40p.
40p.

40p.

40p*

1.00.

From U.S.A. by
DIN DY
SCREW CASED
LOW NOISE
CASSETTES

Order No. S53 10 for £3.50

HEAD -CLEANING
CASSETTE 45p each

C90

AUDIO LEADS
Order No.

127 Audio lead 5 pin DIN plug to 4 phono
plugs

129 Audio lead 5 pin plug to 5 pin DIN plug -
Mirror Image

130 5 metre lead 2 pin DIN plug to 2 pin DIN
inline socket

90p
70p
45p

AUDIO AMPLIFIER
RETURN OF THE AL20A
By popular demand - this useful 5 watt RMS Power
Amplifier is offered at the re -introductory price of
£2.75- Hook-up data supplied.

VPS30 Variable Regulated Stabilised
Power Supply Module
Incorporating a short circuit protection and current limiting:
Voltage Regulation 2-30V
Regulated Current 0-2A
AC Input Maximum 25V
Eliminates the use of batteries and thus saves E's -can be used time and time again
ONLY £7.60 + V.A.T.

AUDIO PLUG AND
SOCKET PAKS

Order No.
Si 5 x 3.5 mm Plastic Jack Plugs 40p
S2 5 x 2.5 mm Plastic Jack Plugs 40p
S3 4 x Std. Plastic Jack Plugs 50p
54 2 x Stereo Jack Plugs 30p
55 5 x 5 Pin 180° DIN Plugs 50 
S6 8 x 2 Pin Loudspeaker Plugs 50p
S7 6 x Phono Plugs Plastic 50p
S8 5 x 3.5 mm Chassis Sockets(Switched) 25p
S9 5 x 2.5 mm Chassis SocketslSwitched) 25p
S11 2 x Stereo Jack Sockets with instruction

leaflet for H/Phone connection. 50p
SI2 5 x 5 Pin 180°DIN Chassis Sockets 40p
513 8 x 2 Pin DIN Chassis Sockets 50p
514 6 x Single Phono Sockets 40p

ETCH RESIST PENS
Order No. 1609 50p each

UNIJUNCTION TRANSISTORS
UT46 TIS43 20p

FET's
2N3819 15p 2N5458 lap

2 AMP. BRIDGE RECTIFIERS
Metal Stud Mounting

No. S45 50V IKBS 005/
No. S46 100V IKBS 011
No. 547 200V IK BS 02)

28p
30p
34p

SILICON BRIDGE RECTS.
599 Mixed Pak 2 - 5 Amp.

50-600v. All coded. 4 for £1.00'

BRAND NEW
ITT 923 Silicon Diodes 200mA 200v

100 off - £ 2.00
500 off - 9.00

1000 off - £ 15.00
10,000 off - £130.00

P.C. BOARD
Single -Sided Fibre Glass Board
12' x 33" approx. 2 pcs

S143

£0.60

P.C. BOARD
S110 Mixed Bundle. P.C.B., Fibre-

glass/paper, single and
double -sided. Fantastic value 75p

SILICON RECTS.
SIMILAR IN4000 SERIES

No. S41 25 Like IN4001 I1A 50V)
No. S42 20 Like IN4002 llA/100V)
No. S43 18 Like IN4003 11A/200V/
No. S44 15 Like IN4004 (14/400VI

60p
60p
60p
60p
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SPEC/AL. OFFER/
COMPONENT PAKS

Order No. Quantity
16168 5 pieces Assorted Ferrite rods 40p
16169 2 pieces Tuning gangs MW/LW 40p
16170 50 metres Single strand wire

assorted wire 40p
16171 10 Reed switches 40p
16172 3 Micro switches 40p
16176 20 Assorted electrolytics

Trans types 40p
16177 1 pack Assorted Hardware

nuts/bolts etc. 40p
16179 20 Assorted tag strips and panels 40p
16180 15 Assorted control knobs 40p
16184 15 Assorted Fuses 100mA-5 amp 40p
16188 60-10/ resistors mixed values 40p
16187 30 metres stranded wire

assorted colours 40p
S100 120 }watt resistors. Pre -formed.

1978 Prod. Our mix 60p
5101 120 1 watt resistors. Pre -formed.

1978 Prod. Mixed values 60p
S102 250 }watt resistors.

Range 100 ohms- 1.8 meg. £2.00*
S103 220 y watt resistors.

Range 100 ohms - 10 meg. E2 00.
S104 60 Low ohms iwatt resistors.

10 - 100 ohms 60p
S105 40 Low ohms 4 watt resistors.

12 - 100 ohms 60p
S106 25 Mixed wirewound resistors 80p
S107 20 Tantalum bead caps

0.22 - 100mF Our mix £1 .00
S108 High quality electrolitics 10m F-

513,1DmF voltage range 15-50v.
Our mix. 40 for £1.00

16204 C280 Pak. Contains 50 metal
foil caps £1,00

Crystal Ear Pieces
S126 Less plug £0.20.

Plugs for above
No. 16106 2.5 plastic
No. 1697 3.5 plastic

£0.09*
£0.11

Mono Crystal Cartridge
S127 GP91/1SC Special Offer £1.00*

Nickel Cadnium Rechargeable
Batteries 1.25V
S128 3500D Cell size -U2
5129 900C Cell size=p11

£2.50
£0.90

S 30 2rdpri-Vlecell'tcZIgiatrrr,Cgarger £3.50

Super Save Pak
S124 6 x 741P
5125 5 x 555

£1.00
£1.00

S138 Surplus/End of Manufacturers Line/
Pre -amp, with Base, Treble, Volume
Control & circuit diagram supplied.
ONCE ONLY OFFER E1.25

S137 20 Assorted Slider
Knobs- Chrome/Black £1.00*

POTENTIOMETERS
Slider 40mm TRAVEL
Order No.
16191 6 x 470 Ohm LIN Single
S24 6 x 1 K LIN Single
S25 6 x 5 K LIN Single
16193 6 x 22 K LIN Single
16195 6 x 47 K LOG Single
16194 6 x 47 K LIN Single
S27 6 x 100 K LIN Single
S28 6 x 100 K LOG Single
S29 6 x 500 K LOG Single
S32 6 x 50 K LIN Single

Slider 60mm TRAVEL
S30 6 x 2,5 K LOG Single
S34 4 x 5 K LOG Dual
S36 4 x 100 K LOG Dual
S37 4 x 1.3 MEG LOG Dual
S94 6 x 220 K LIN Single
S95 6 x 100 K LOG Single
S96 6 x 500 K LIN Single
S38 Mixed slider pots-vanous values

and sizes -our mix only £1.00
S39 6 x Chrome slider knobs 40p

40p
40p
40p
40p
40p
40p
40p40
40pp
40p

40p
40p
40p
40p
40p
40p
40p

WIREWOUND
S90 Wirewound Pots. Linear 1 Watt

rating. Mixed useful values. 5 for £1.00*

CARBON TYPES
S91 Car Radio type. Dual Switched Pot

P.C. mounting
100 K Lin switched
2.5 K Lin each 60p*

DUAL POTS P.C. MOUNTING
5mm Shaft
S92 4 x 100 K Lin
S93 4 x 100 K Log
16173 15 Rotary Pot Assorted
16186 25 Pm -sets Assorted Values

£1.00.
£1.00.

40p*
40p.

S131

S132

S133

S134

S135

S136

16199

16200

2 x 12v Relays plastic
case
2 x 24v Relays plastic
Case
1 switch bank 5 way
incl. silver knob
2 x Magnets suitable
for reed switches
.1 Veroboard pak 2
pcs 45 sq.ins. approx.
.15 Veroboard pak 2
pcs 60 sq. ins. appx.
.1 Veroboard pak
pcs 30 sq. ins appx.
.15 Veroboard pak
pcs 30 sq. ins. appx.

£0.70*

£0.80.

£0.75*

£0.10

£0.80

£1.10

£0.50

£0,50

Type
AC107
AC126
AC127
AC128
ACI 28K
AC176
AC176K
AC187
AC187K
AC188
AC188K
AD16I
162MP
AF139'
AF239
BC107
BC108
BC109
BC118
BC147
BC148
BC149
BC154
BC157
BC158
BC159
BC169
BC169C
BC171
BC172
BC173

Price
25p

18p
4p

18p
24p
16p
24p
16p
26p
111p
28p

80p
30p
30p

Op
Bp
Opslop

.13p

asp
°Bp

.11p
Elp

10
*9p.p
6p
.8p
*8p
7p

TRANSISTORS
BRAND NEW - FULLY GUARANTEED
TyPe
BCI77
BC178
BC179
BC182
BC182L
BC183
BC183L
BC184
BC184L
BC212
BC212L
BC213
BC213L
BC214
BC214L
BC25I
BCY70
BCY71
BCY72
BD115
BD131
BD132
BF115
BF167
13F173
BF180
BF181
BF182
BF183
BF184
6E185

Price
12p
12p
12p
*9p
.9p
.9p
.9p
69p
.9p

.10p1
el o0pp
11018p

.1110p
018p

018p
12p
12p
12p

40p
35p
37p

17p
19p
20p
25p
25p
25p
25p
25p
25p

Type
BF194
8E195
8E196
8E197
BF200
BFX29
BFX84
BFY50
BFY51
B FY52

MPSA05
MPSA06
MPSA55
MPSA56

0C44
0C45
0071
0072
0075
0081

TIP29A
TIP29B
TIP29C
TIP30A
TIP3OB
TIP30C
TIP31A
TIP318
TIP3 IC

Price
*913 Trg2A

Price
34p

Type
2N1613

Price
15p

TIP32B 35p 2N1711 15p
.12p TIP32C 36p 2N1893 28p
*12p TIP41A 34p 2N2218 15p

2225pp
TIP4113
TIP41C

35p
36p

2N2218A
2N2219

18p
15p

18p

1212pp

TIP42A
TIP42B
TIP42C

36p
37p
38p

2N2219A
2N2221
2N2221A

18p
15p
16p

12p TIP2955 65p 2N2222 15p
.22p
22p
.22p
.22p

TIP3055
ZTX107
ZTX108
ZTX109
ZTX300

42p
6p

.1313
*7p
7p

2N2222A
2N2369
2N2904
2N2904A
2N2905

16p
10p
14p
15p
14p

12p ZTX301 .7p 2N2905A 15p
12p
9p

12p

ZTX302
ZTX500
ZTX501

9908p
1110p

2N2906
2N2906A
2N2907

12p
14p
12p

10p ZTX502 *12p 2N2907A 13p
14p 2N696

2N697 10p10o

2N2926G
2N2926Y

8p
7p

35p 2N706 7p 2N3053 12p
38p 2N706A 8p 2N3055 35p
38p 2N708 8p 2N3702 7p
380 2N1302 12p 2N3703 7p
37p 2N1303 15p 2N3704 6p
38p 2NI304 15p 2N3903 11p
32p 2N1307 188 2N3904 11p
33p 2N1308 22p 2N3905 11p
34p 2N1309 22p 2N3906 11p

RESISTORS
40 mixed values 1 watt & 2 watt Resistors
no 5143 £0.80*

PROGRAMMABLE UNIJUNCTIONS
2N6027 with Data £0.24

TOOLS
No. 2011 5"wire cutters
No. 2012 5" long wire plyer

£1.55
£1.45

SUPER DUPER COMPONENT BOX
Min. 3lbs in weight consisting of a fantastic
assortment of Electronic Components - Pots,
Resistors, Condensers, Switches, Relays, Board
- Semiconductors, wire, hardware, Etc.. etc.,

°This is a large box and is sent separate to your
order` £2.50 including p & p.
S140

Type
AA119
AA213
BA100 
BA115
BA144
BA148
BA173
BAX13/
00200

Price
5p
4P
6p
5p
5p

10p
10p

5p

DIODES
Type Price Type Price Type Price Type
BAX I6/ 6 30p 0085 7p S44
00202 5p BYZI 7 28p 0090 6p

BYZI 8 28p 0091 7p N5400
BY100 15 BYZI 9 28p 0095 7p N5401
BY127 .10pp N5402
BYZ10 32p 0A47 5p 1N34 5p N5404
BYZ11 32p 0070 Sp IN60 Bp N5406
BYZ12 32p 0A79 7p IN914 4p N5407
BYZ13 30p 0A81 7p IN4148 4p N5408

Price
3p

10p
11p
12p
13p
16p
17p
19p

TRANSFORMERS SALE OFFER
S141 0235 240v primary, 0-55v at 2 amps
secondary. £4.50* -1- £1.00 p&p.
S142 0349 240v primary, 0-20v at 2Amp
secondary £3.50 f0.86 p&p.

TBA800
TBA810
TBA820
LM380
LM381
72709
UA709

LINEAR I.C.'s
£0.75 UA7 I 1 £0.25* UA748 £0.28
£0.85. UA703 £0.20. 72558 £0.45.
£0.85. 741P f0.1e MC1310P £1.25
£0.80* 72741 £0.20* 76115 £1.25
£1.25. UA741C £0.20 NE555 £0.22
£0.20 72747 f0.55* SL4I4A £1.80.
£0.20 748P clop

ZN 414 RADIO CHIP 75*

No. S55

No. S56

No. S57

No. S58

ZENER PAKS
20 mixed values 400mW Zener

diodes 3-10V
20 mixed values 400mW Zener

diodes 11-33V
10 mixed values 1W Zener

diodes 3-10V
10 mixed values 1W Zener

diodes 11-33V

£1.00

£1.00

£1.00

£1.00

SILICON POWER TRANS. N.P.N.
S97 BD371 2 Amp 1.2w. 60Vceo

Hfe 40-400, Case T092
with heat tab. 5 for

S98 2N5293 R.C.A. 36w 4 Amps
75Vceo Hfe 30-120. 5 for

60p

£1.00.

COMPLETE AUDIO
AMPLIFIER KITS:

STA15 15 watts per channel
amplifier kit
Consists: 2 x AL60-
1 x PA100-1 xSPM80
1 x 2034 transformer- £37.70IncVAT
2xcoupling capacitors + .86p pOp

STA25 25wattsperchannel
amplifier kit. Consists:
2xAL60-1xPA100-
1xSPM120/45
1 x2040 Transformer
-Ix reservoir cap
2xcoupling capacitors £1.16p p& p

STA35 35 watts per channel
amplifier kit. consists:
2xAL80-1xPA100-
1xSPM120. 1x2041
transformer- 1 res-
ervoir capacitor £48.45inc VAT
2xcoupling capacitors 4- £1.16p p & p

STA50 50 watts per challtnel
amplifier kit. Consists:
2xAL120-1xPA200-
1xSPM120/65
1 x2041 transformer
-lx reservoir capacitor £58.20incVAT
2xcoupling capacitors 1- f 1.10p p & p

STA125125 watts per channel
amplifier kit. Consists:
2xAL250-1xPA200
-2 xSPM 120/65
2x2041 transformers-
1xreservoircapacitor £72.85ineVAT
2xcouplingcapacitors + £1.25p p & p

£41.45 incVAT

Displays

No. 1510707 LED Display
No. 1511 747 LED Display
No. 1512 727 Dual LED Display

OPTOELECTRONICS

£0.70
£1.50
£1.55

LED's
No.S120 .125 Bright Red
No. 5121 .2 Bright Red
No.1502 .125 Green
No.1505 .2 Green
No.1503 .125 Yellow
No.1506 .2 Yellow
No.S82 Clear .2 illuminating

Red

£0.09
£0.09
£0.12
£0.12
£0.12
£0.12

£0.10

2nd Quality Led Pak.

No.1507 10 Assorted Colours &
Size

No.S122 10 x.125 Red
No.S123 10,2 :Red
LED Clips
No 1508/.125 .125 5 for
No.1508/.2 .2 5for

£0.75
£0.60
£0.60

£0.12
£0.15

No.S139 Infra Red Emitter
Fairchild FPE100 E0.50

P.O. RELAYS
S85 -2 Off Post Office relays 40p

BATTERY HOLDERS
to take 6 x HP7's

Order No. 202 each 10p

SPECIAL REDUCTIONS
No. 1514 NORP 12 each 46p
No. 576 OCP71 5 for £1.00
No. S83 5 NIXIE Tubes ITT 5870 ST £2.00,

(including Data)

No. S77 Neon Indicator Lamps 230V A.C.
State Colour (Red, Amber and
Green.) 25p each

EX. G.P.O. MICROSWITCHES
Order No. S51 4 for 50p

CABLE CLIPS
S65 - 50 2.5mm round single pin fixing 30p

POWER SUPPLY
STABILIZER BOARD

Unused ex -equipment stabilizer board, Input
30V. D.C. Output 20V. Complete with
circuit diagram.

Order No. S81 £1.215*

ORD
Minimum postage and packing for Sale Orders £0
Sale Advertisement
Overseas Orders - ADD extra for Air -mail

ERING
.50 PLUS any further postage as stated as per this

V.A.T.
Please ADD V.A.T. as follows:
121% to items marked 8% to unmarked items NO V.A.T. on Books

SEND FOR YOUR BI-PAK CATALOGUE 85p post free.

I.C.
INSERTION

EXTRACTION
TOOLS

0/N 2015
30p each

111 -PAN
DEPT. PE3, P.O. Box 6 Ware, Herts

COMPONENTS SHOP: 18 BALDOCK
STREET, WARE, HERTS.

Practical Electronics March 1979 13



KITS FOR SYNTHESISERS, SOUND EFFECTS
COMPONENTS SETS include all necessary resistors,
capacitors, semiconductors, potentiometers and
transformers. Hardware such as cases, sockets, knobs.
keyboards, etc are not included but most of these may
be bought separately. Fuller details of kits, PCBs and
parts are shown in our lists.

CIRCUIT AND LAYOUT DIAGRAMS are supplied
free with all PCBs unless "as published".

PHOTOCOPIES of P.E. texts for most of the kits
are available -prices in our lists.

PHONOSONICS
MAIL ORDER SUPPLIERS OF QUALITY
PRINTED CIRCUIT BOARDS, KITS AND
COMPONENTS TO A WORLD-WIDE
MARKET.

P.E. MINISONIC Mk. 2 SYNTHESISER
A portable mains -operated Miniature Sound Synthesiser.
with keyboard circuits. Although having slightly fewer
facilities than the large P.E Synthesiser the functions
offered by this design owe it great scope and versatility.
Consists of 2 log VCOs. VCF, 2 envelope shapers. 2 voltage
controlled amps. keyboard hold and control circuits. HF
oscillator and detector, ring modulator. noise generator.
Mixer, power supply.

Set of basic component kits
Set of printed circuit boards

from £61G0
£8.99

P.E. SYNTHESISER (P.E. Feb. 73 to Feb. 741
The well acclaimed and highly versatile large-scale
mains -operated Sound Synthesiser complete with keyboard
circuits. Other circuits in our lists may be used with the
Synthesiser to good advantage. Details in our lists.

FORMANT SYNTHESISER (Elektor 1977/78)
Very sophisticated _music synthesiser for the advanced con-
structor who puts performance before price. Details in our lists.

128 -NOTE TUNE -PROGRAMMABLE SEQUENCER

(P.E. Nov/Dec 77)
Enables a voltage controlled synthesiser to automatically play
pre-programmed tunes of up to 32 pitches and 128 notes long.
Programs are keyboard initiated and note length and rhythmic
pattern are externally variable. (Please use order codes quoted in
brackets.)

Main Circuit (Nov) excl. sw's (KIT 76-11 f18.03
Power Supply (KIT 76-3) £4.72
Trigger Inverter and Alt. Output IKIT 76-21
LED Counter (KIT 76-4)
PCB (as published) for KITS 76-1 & 3 (PCB 76A)
PCB for KITS 76-2 & 4 (PCB 76B)

£1.15
£2.10
£2.61
£254

P.E. STRING ENSEMBLE (PE Mar -July 78)
The new keyboard string -instrument synthesiser.
Basic component sets:

Power Supply (KIT 77-1) f8.77
Tone Generator IKIT 77-2) 04.66
Diode Gates (KIT 77-31 £18.81
Chorus Generator (KIT 77-41 £19.08
Voicing System (KIT 77-51 7.38

Printed Circuit Boards:
Double -sided PCB for Power Supply, Tone Generator & Diode

Gates with most of the Matrix wiring as printed tracking
(PCB 77L/R) £18.40

PCB for Chorus Generator (PCB 77C) £2.65
PCB for Voicing System IPCB 77D) £2.62

Fuller details of kits & PCBs are in our lists.

P.E. JOANNA PLUS ORGAN VOICING
The basic five octave electronic piano IF May/Sept 75 and
Sound Design) has switchable alternative voicings for Honky-
Tonk. ordinary piano, and Harpsichord or a mixture of any of these
three, together with facilities including fast and slow tremolo,
loud and soft pedal switching. and sustain pedal switching. The
modification retains all the circuitry associated with the piano
but in addition provides an organ -voice envelope facility with 5
switchable pitches, variable attack and sustain, phasing and
vibrato.

Set of components (excl switches) for PSU, Frequency
generator. Pitch and Note Divider, Envelope Shapers, Voicings,
and Control circuitries. (Order as KIT 71-51 £99.25
Set of PCRs (Order as PCB SET 71-6) £29.18

GUITAR EFFECTS PEDAL (P.E. July 75)
Modulates the attack decay and filter characteristics of an
audio signal not only from a guitar but from any audio
source. producing 8 different switchable effects that can be
further modified by manual controls. Possibly the most
interesting of all the low-priced sound effects units in our
range. Circuit does not duplicate effects from the Guitar
Overdrive Unit

Component set with special foot operated switches
Alternative component set with panel switches
Printed circuit board

£769
£5.05
£1.43

ELEKTOR ELECTRONIC PIANO (Elektor Sept 78)
A touch -sensitive, multiple -voicing 5 octave piano using the
latest integrated -circuit techniques for the keying and
envelope shaping and virtually eliminating "bee -hive' noise
hitherto inherent in previous electronic pianos. Details in our
lists.

DIGI (AL REVERBERATION UNIT (Elektor May 78)
A very advanced unit using sophisticated i.e. techniques
instead of mechanical spring -lines. The basic delay range of
24 to 90mS can be extended up to 450mS using the
extension unit. Further delays can be obtained using more
extensions.

Main component set IKIT 78-1) £45.45
Extension component set (KIT 78-21 £43.36
PCB for Kit 78-1 IPCB 78A1 £2.86
PCB for Kit 78-2 IPCB 7881 £1.06

ANALOGUE REVERBERATION UNIT (Elektor Oct 78)
Using i.c.s instead of spring -lines, the main unit has a
maximum delay of up to 100mS, and the additional set
extends this up to 200mS. May be used in either mono or
stereo mode.

Main component set (KIT 83-11 £2618
Additional Delay Set IKIT 83-21 £18.25
PCB (as published) to hold both above
kits IPCB 99731 £4.31

RESONANCE FILTER (Elektor Oct 78(
This filter module has been designed to allow a synthesiser
to produce a more realistic simulation of natural musical
instruments.

Basic component set (KIT 82-11 £15.10
PCB las published) IPCB 9951) £3.29

SYNTHESISER EXTERNAL INPUT INTERFACE
(P.E. Oct 78)
This unit allows external inputs, such as guitars, micro-
phones etc. to be processed by the circuits within a
synthesiser.

Basic component set (Mel PCBI (KIT 81-11 £2.94

GUITAR MULTIPROCESSOR (P.E. Dec/Feb 78)
An extremely versatile sound processing unit capable of
producing, for example, Flanging, Vibrato, Reverb, Fuzz and
Tremolo as well as other fascinating sounds. May be used
with most electronic instruments. Details in our lists.

RHYTHM GENERATOR KITS
Several available - details in our lists.

GUITAR FREQUENCY DOUBLER (P.E. Aug. 77)
A modified and extended version of the circuit published.

Component set and PCB £4.52

GUITAR SUSTAIN (P.E. Oct 771
Maintains the natural attack whilst extending note duration.

Component set, PCB and foot switches £5.13
Component set, PCB and panel switches £3.71

WIND AND RAIN UNIT
A manually controlled unit for producing the above -named
sounds.

Component set (incl. PCB) £4.26

GUITAR OVERDRIVE UNIT (P.E. Aug. 76)
Sophisticated. versatile Fuzz unit, including variable and
switchable controls affecting the fuzz quality whilst retaining
the attack and decay. and also providing filtering. Does not
duplicate the effects from the Guitar Effects Pedal and can
be used with it and with other electronic instruments

Component set using dual slider pot £7.58
Component set using dual rotary pot £6.89
Printed circuit board £1.62

FUZZ UNIT
Simple Fuzz unit based upon P.E. "Sound Design" circuit.

Component set (incl. PCB) £2.05

TREMOLO UNIT
Based upon P.E.Sound Design circuit.

Component set (incl. PCB) £2.94

TREBLE BOOST UNIT (P E Apr. 76)
Gives a much shriller quality to audio signals fed through it.
The depth of boost is manually adjustable

Component set (Intl. PCB) £2.51

WAVEFORM CONVERTER
Slightly modified from a circuit published in "Elektor". Converts
a saw -tooth waveform into four different waveforms: sine -wave,
mark -space saw -tooth, regular triangle form, and squarewave
with an externally variable mark -space ratio.

Component set lincl. PCB but excl. sw/s) £8.40

VOLTAGE CONTROLLED FILTER (P E. Dec. 74)
Part of the P.E Minisonic now released as an independent
kit for use with other synthesisers.

Component set line) PCB) (Order as Kit 65-1) £7.17

RING MODULATOR (P E Jan 75)
Parr, of the P.E Minisonic now released as an independent
kit for use with other synthesisers.

Component set line) PCB) (Order as Kit 59-1) f5.50

NOISE GENERATOR (RE. Jan. 75)
Part of the P.E. Minisonic now released as an independent
kit for use with other synthesisers.

Component set (incl. PCB I (Order as Kit 60-1) £3.84

ENVELOPE SHAPER WITHOUT VCA (P.E. Oct. 75)
Provides full manual control over attack, decay. sustain and
release functions. and is for use with an existing voltage
controlled amplifier.

Component set lincl PCB) £4.77

ENVELOPE SHAPER WITH VCA (P.E. Apr. 76)
This unit has its own voltage controlled amplifier and has full
manual control over attack, decay. sustain and release
functions.

Component set (incl. PCB) £6.68

TRANSIENT GENERATOR (P.E. Apr. 77)
An envelope shaper. without VCA. having the usual attack.
decay. sustain and release functions. and in addition it also
provides a Repeat Effect' enabling a syntheSiser to be
programmed to imitate such instruments as a mandolin or
banjo

Component set £4.87
Printed Circuit board £1.82

SOPHISTICATED PHASING AND VIBRATO UNIT
A slightly modified version of the circuit published in

Elektor . December 1976. and includes manual and
automatic control over the rate of phasing and vibrato

Component set £17.38
Printed circuit board £2.33

PHASING UNIT (P.E. Sept. 73)
A simple but effective manually controlled unit for
introducing the phasing sound into five or recorded
music.

Component set (incl. PCB) £3.20

PHASING CONTROL UNIT (P.E. Oct 74)
For use with the above Phasing Unit to automatically control
the rate of phasing.

Component set (incl. PCB) £4.74

WAHWAH UNIT (P.E. Apr. 76)
The WahWah effect produced by this unit can be controlled
manually or by the integral automatic controller.

Component set lincl. PCB) £3.63

AUTOWAH UNIT (P E Mar 771
Automatically produces Wah-pedal and Swell -pedal sounds
each time a new note is played.

Component set. PCB, special foot switches £7.67
Component set and PCB. with panel switches £4.83

VOICE OPERATED FADER (P E Dec. 73)
For automatically reducing music volume during
talk -over -particularly useful for Disco work or for

home -movie shows.
Component set lincl. PCB) £3.97

10% DISCOUNT VOUCHER (PE 72)

TERMS: Goods in current adverts & lists
over E50 goods value lend P&P & VAT).
Correctly costed, C.W.O., U.K. orders only.
This voucher must accompany order. Valid
until end of month on cover of P.E.

ADD: POST & HANDLING
U.K. orders - Keyboards add £2.00 each plus VAT. Other
goods: under 15 add 25p plus VAT, over £15 add 50p plus
VAT. Recommended: optional insurance against postal
mishaps, add 50p for cover up to 50, E1.00 for 100
cover, etc. pro -rata.
N.B. Eire, C.I., B.F.P.O, and other countries are subject to
higher export postage rates.

ADD 124% VAT
(or current rate if changed).
Must be added to full total of
goods, discount, post &
handling, on all U.K. orders.
Does not apply to Exports.

EXPORT ORDERS ARE WELCOME but to avoid
delay we advise you to see our list for postage rates. All
payments must be cash -with -order, in Sterling by Inter-
national Money Order or through an English Bank. To
obtain list - Europe send 20p, other countries send
50p.

PHONOSONICS  DEPT. PE72  22 HIGH STREET  SIDCUP  KENT DA14 6EH
TERMS: C.W.O.,

NTMENT (
MAIL OR01-DER O COLLECTION

BY APPOITEL 302 COLLECTION
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AND OTHER PROJECTS
PHOTOGRAPHS in this advertisement
show two of our units containing some of
the P.E projects built from our kits and
PCBs. The cases were built by ourselves
and are not for sale. though a small
selection of other cases is available.

UST -Send stamped addressed
envelope with all U.K. requests for free
list giving fuller details of PCBs. kits and
other components.

OVERSEAS enquiries for list. Europe -
send 20p: other countries -send 50p.

AP

KIMBER-ALLEN
KEYBOARDS AND CONTACTS

Kimber-Allen Keyboards as required for many published circuits. The manufacturers claim that
these are the finest moulded plastic keyboards available. All octaves are C to C, the keys are
plastic, spring -loaded, fitted with actuators, and mounted on a robust aluminium frame.

3 Octave (37 notes) E25.50
4 Octave (49 notes) £32.25
5 Octave (61 notes) E39/5

Contact Assemblies (gold -clad wire) for use with the above KBDS (1 for each note):
Type GJ: Single -pole change -over each 250
Type GA: 1 pair of contacts, normally open each 24p
Type GB: 2 pairs of contacts, each pair normally open each 280
Type GC: 3 pairs of contacts, each pair normally open each 37.Ip
Type GE: 4 pairs of contacts, each pair normally open each 46-19
Type GH: 5 pairs of contacts, each pair normally open each 58.Ip
Type 4PS: 3 pairs of contacts plus single -pole changeover each 57p

Printed Circuit Boards for use with most contacts (thus eliminating much interwiringl are
available. Details in our lists.

P.E. TUNING FORK (P.E. Nov. 75) NEW
Produces 84 switch -selected frequency -accurate tones. A
LED monitor clearly displays all beat note adjustments. Ideal PCB
for tuning acoustic or electronic musical instruments.

Main component set (incl. PCBI £14.93
Power supply set (incl. PCB) £6.28 SERVICE

SYNTHESISER TUNING INDICATOR (P.E. July 77) PCBS FOR ALL NEW
A simple 4 -octave frequency comparator for use with RE. & E.E. PROJECTS
synthesisers and other instruments where the full versatility
of the P.E. Tuning Fork is not required. FOR WHICH PCB LAY -

Component and PCB (but excl sw.) £7.45 OUTS HAVE BEEN
PUBLISHED AND FOR
WHICH FULL COPY -

CONSTANT DISPLAY FREQUENCY METER (PE AUG 78) RIGHT CLEARANCE IS
A 5 -digit frequency counter for 1Hz to 99999Hz with a 1Hz AVAILABLE.
sampling rate. Readout does not count visibly or flicker due to
display blanking. LIMITED QUANTITIES

Component set £24-05* ONLY FOR AN EXPERI.
Printed circuit board £303* MENTAL PERIOD.
"'This kit & PCB are at 8% VAT (all others are 121%1 LET US KNOW YOUR

NEEDS AND WE WILL

TAPE NOISE LIMITER
Very effective circuit for reducing the hiss found in most tape

ADVISE YOU OFAVAILABILITY

AND
recordings. All kits include PCBs PRICES.

Standard tolerance set of components £2.98
Superior tolerance set of components £3.78
Regulated power supply (will drive 2 seta) £4.89 INTEGRATED CIRCUITS

301 8 -pin DIL 48p
318 8 -pin OIL 220p
320-15--- 195p

DYNAMIC RANGE LIMITER (P.E. Apr. 77) 324 14 -pin DIL 87p
Automatically controls sound output to within a preset 341-15 --- 87p
level. 709 8 -pin OIL 48p

Component set (incl. PCBI £4.58 723 T05 87p
723 14 -pin DIL 51p
726 T05 1005p
741 8 -pin DIL 24p
748 8 -pin DIL 57p

DISCOSTROBE (P.E. Nev. 76) 4007 14 -pin DIL

4 -channel hght-show controller giving a choice of sequential,
random, or full strobe mode of operation.

4011 14 -pin OIL 17 p
4024 14 -pin OIL 46 p
4069 14 -pin DIL 1 ap

Basic component set £18.19 4136 14 -pin DIL 126p
Printed circuit board £345 AM2833 8 -pin DIL 360p

AY10212 16 -pin DIL617p
AY16721/6 188p
CA3046 14 -pin DIL 71p
CA3080 8 -pin DIL 63p

BIOLOGICAL AMPLIFIER (P.E. Jan./Feb. 73) CA3084 14 -pin DIL209p
FX209 16 -pin DIL729p

Multi -function circuits that, with the use of other external LM323 --- 562p
equipment, can serve as lie -detector, alphaphone, cardiophone
etc.

M252 16 -pin DIL680p
MC3340 8 -pin OIL 150p
MCM6810 24 -pin DIL670p.Pre -Amp Module Components set (incl. PCBI £3'9' SG3402N 14 -pin DIL262p

Basic Output Circuits -combined component set STK025 --- 595p
with PC6s, for alphaphone, cardiophone, frequency TDA1022 16 -pin DIL582p
meter and visual feed -back lampdriver circuits. £8.69 XR2207 14 -pin DIL420p

Audio Amplifier Module Type PC7 0.75 ZN425E 16 -pin DIL375p

TRANSISTORS
AC128 32p

SOUND BENDER (P E May 74) AC176 28p
A multi -purpose sound controller, the functions of which BC107 13p
include envelope shaper, tremolo. voice -operated fader'
automatic fader and frequency -doubler.

13p
BC 15p
BC1098

0
BC109C 16p
BC177 18p
BC184 11p
BC187 18p

SOPHISTICATED POWER SUPPLIES BC204 10p
A wide range of highly stabilised low noise power supply kits BC209C 13p
's available -details in our lists. BC213 11p

PRICES ARE CORRECT AT TIME OF PRESS. PHONOSONICSE. a 0. E. DELIVERY SUBJECT TO AVAILABILITY.

STEREO PRE -AMPLIFIER BOARD, Tone Control Board, Filter Board from 60 4- 60
watt Hi-Fi Amplifier with suggested assembly and circuits @, E3.50.

PNP VERSION OF 2N 3055 BDX 94 4 75p each.
100 MINIATURE DIODES CV 9637 with preformed leads ® 50p.
POLYSTYRENE CAPACITORS sufflex type 12, 15, 20, 25, 30, 50, 56, 100, 120,

1000pf. All at 20p doz.
WIRE ENDED CRYSTALS 28KHz, 28.5KHz, 31.5KHz. All at 50p each.
TRANSISTORS BC 183, BC 548, BC 549. All 10p, 6 for 50p.
McMURDO 8 PIN PLUG @ 20p, 8 PIN SOCKET @ 20p, COVER (9 15p.
3 GANG VARIABLE CAPACITOR 25 + 25* 25pf @ 75p.
10 Amp S.C.R.'s 100 PIV @ 26p. 400 PIV 6 50p, 800 PIV 60p.
400mW ZENERS unmarked Good 3.6v, 6.8v, 10v, 11v, 12v, 13v, 16v. 18v, 24v. 30v.

33v, 36 volt. All at 10 for 40p.
GLASS WIRE ENDED MERCURY SWITCHES @ 25p.
MC 3340 ATTENUATOR I.C. with data @ 50p.
X BAND GUNN DIODES with data 6 E1.65 each.
MINIATURE ROTARY SWITCHES 3 Pole 3 way @ 40p, 2 Pole 4 way @ 20p, 1 Pole

10 way 2 Bank @ 40p.
10 WATT ZENERS 18v. 33v, 57v, 100 volt. All 30p each.
DIE CAST ALLOY BOXES 6" x x 2" @ £1.15.
TUBULAR TANTALUM CAPACITORS 2.2uf 20v.w., 68uf 15v.w., 100uf 20v.w., 150uf

20v.w. All at 5p each.
10 MULTI -TURN TRIM -POTS Assorted for 60p.
50 BC 107-8-9 TRANSISTORS assorted untested @ 57p.
ELECTROLYTIC CAPACITORS 2240uf 40v.w. 40p, 3,300uf 63v.w.@ 50p,

4500uf 25v.w., 6400uf 25v.w. g 25p.
UNIJUNCTION TRANSISTORS 2N 4871 1 22p, 22N 6028 Ca 25p, 2N 6029

@ 25p, MEU 21 @ 22p, MU 4894 (a 22p, 4JDSE29 6 22p, TIS 43 Type @ 22p.
30 ASSORTED 10XAJ CRYSTALS (ii £1.10. 20 FT 243 CRYSTALS assorted

E1 .50. 20 FT 241A CRYSTALS assorted @ £1.10.
MULLARD TAA 320 M.O.S.T. PRE -AMPLIFIERS I.C. with circuits C 35p.
PLASTIC BC 107, BC 108, BC 177 TRANSISTORS 8p, 10 for 60p.
MULLARD STRIPLINE 800 MHz NPN BF 362 @ 25p.
200 ASSORTED ik watt RESISTORS for 75p.
502 WATT ASSORTED ZENERS untested i@ 67p.
600 MHz 8 DIGIT FREQUENCY COUNTER @ E115.
MAINS TRANSFORMERS 240 volt input. Type 1.24 volt tapped at 14 volt 1 amp

C. £1.30 IP&P 25p1, Type 2. 22-0-22 volt 500mA @ £1.60 (P&P 25p), Type 3.
45 volt 6 amp @ £4.50 (P&P 95p). Type 4.20 volt 1 amp twice 10 volt 1 amp
twice @ £4.50 )P&P 95p), Type 5.45 volt 2 amp 45 volt 500 mA @ £3.50
(P&P 85p). Type 6. 16 volt 2 amp@ £1.60 IP&P 25p), Type 7.24 volt 1.75 amp

£1.80 )P&P 25p1, Type 8. 30 volt 1 amp @ £1.60 (P&P 25p1. Type 9. 13-0-13
volt 1 amp @ £1.60 IP&P 25p1, Type 10. 22 volt 500 mA @ 88p (P&P 20p), Type 1 1 .

12 volt 100 mA @ 88p (P&P 20p), Type 12.22 volt 1 amp, 7.5 volt 500 mA, 6v
1 amp @ Et .60 )P&P 25p), Type 13. 16.5 volt 1 amp @ £1.60 IP&P 25p), Type 14. 12
volt 1 amp cg £1.60 (P&P 25), Type 15. 32-0-32 volt 500 mA @ £1.60 IP&P 25p).

Please add 20p for post and packing, on U.K. orders under E2, unless stated otherwise.
Overseas post at cost.

J. BIRKETT
RADIO COMPONENT SUPPLIES

25 The Strait, Lincoln LN2 1JF Tel. 20767

PHOENIX ELECTRONICS
(SOLENT) LTD

139/141 Havant Road,
Drayton, Portsmouth,

Hants. P06 2AA

NOTE THE NEW
ADDRESS

We have moved to
larger premises to
givegive you a wider
range and a better
service.

RESISTORS
ivy carbon film
iW metal film

SEMICONDUCTORS

INTEGRATED CIRCUITS
DTL 930 series.
TTL 74 series.
Linear series.
Consumer circuits.
cMOS Circuits.

CAPACITORS
Aluminium

electrolytic. Tantalum bead.

PANEL HARDWARE
Connectors, lampholders,
switches, fuses, knobs.

MISCELLANEOUS
Hand tools, instrument cases,
Veroboard, relays, trans-
formers.

SOLDERING EQUIPMENT

Buy More for Less Outlay with Our Bargain Packs

Please send your new catalogue -free!

Name

Address
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I.C.E.
TWICE the informat

MULTIMETERS

in HALF the size
The I.C.E. range of multimeters provide an
unrivalled combination of maximum perfor-
mance within minimum dimensions, at a truly
low cost. Plus, a complete range of add-on
accessories for more ranges, more functions.

Supertester 680R
(illustrated)
 20ki2/V, ±1% fsd on d.c.

4kfi/V, ±2% fsd on a.c.
* 80 Ranges - 10 Functions
* 140 x 105 x 55mm
£32.00 + VAT

(For Mail Order add 80p P&P)

Supertester 680G
* 20k0/V, ±2% fsd on d.c.

4kSI/V, ±2% fsd on a.c.
 48 Ranges - 10 Functions
* 109 x 113 x 37mm
£24.50 + VAT

(For Mail Order add 80p P&P)

e 6 6 6 6.
11113113111111LIKIN

Microtest 80
 20kf2/V, ± 2% fsd on d.c.

4k12/V, ±2% fsd on a.c.
 40 Ranges - 8 Functions
 Complete with case -

only 93 x 95 x 23mm
£16.60 + VAT

(For Mail Order add 80p P&P)

All I.C.E. multimeters are supplied complete with unbreakable plastic carrying case, test leads, etc. and a
50 -plus page, fully detailed and illustrated Operating and Maintenance Manual.

Now available from selected stockists. Write or phone for list, or for details of direct mail-order service.

49-53 Pancras Road, London NW1 20B
Electronic Brokers Ltd.

Tel: 01-837 7781

sabtronics
MOM .100 .I.0111110 C0.1111151

Model 8100 Frequency counter
Kit £ 69.95
assembled tested: f 84.95
(plus p -p £ 3.50 and VAT at 8%1

The Winners
These two products are our
best sellers!
The two products shown above from Sabtronics
are our best selling products. Both these products
compare with similar equipment selling for atleast
£ 150.00. Is there more to these products than
value? Let's take a closer look.

The Frequency Counter Model 8100
It employs LSI Technology, has the performance
and characteristics you demand, guaranteed
frequency range of 20 Hz to 100 MHz; selectable
hi/lo impedance; superior sensitivity; selectable
resolution and selectable attenuation. Plus an
accurate time base with excellent stability. An 8 digit
LED Display features floating decimal point, leading
zero suppression and overflow indicator.

Brief specifications:
Frequency Range: 20 Hz to 100 MHz guaranteed,
(10 Hz to 130 MHz typical) - Sensitivity: 10 mV RMS,

sabtronics
Model 2000 3',2 Digit DMM
Kit f 49.95
assembled: f 69.95
(plus p.p. 3.00 and VAT at 8%)

N.. MIIIIMINIMMall, NNIi M.
I001 .1 1.4

R

20 Hz to 50 MHz (5 mV typical); 15 mV RMS, 50 MHz
to 100 MHz (10 mV typical) -Selectable impedance:
1 Mf1/25 pF or 50f1-Attenuation: X1, X10 or X100 -
Accuracy: ± 1 Hz plus time base accuracy-Aging
Rate: ± 5 ppm/yr-Temperature Stability: ± 10 ppm,
0° to 50° C- Resolution: 0.1 Hz, 1 Hz, 10 Hz selectable
- Display: 8 -digit LED, floating DP, overflow
indicator - Overload Protection - Power
Requirement: 9-15 VDC.
Optional prescaler will be available from around
March 1979.

The DMM Model 2000
The model 2000 is all solid-state, incorporating a
single LSI circuit and high quality components.
It has five functions and a total of 28 ranges. Input
overload protection, auto polarity and auto zero
are provided on all ranges and a basic DCV
accuracy of 0.1% ± 1 digit.

Brief specifications:
DC volts in 5 ranges: 100 µV to 1 kV - AC volts in
5 ranges: 100 µV to 1 kV - DC current in 6 ranges:
100 nA to 2A -AC current in 6 ranges: 100 nA to 2A -
Resistance: 0.111 to 20 MO in 6 ranges -
AC frequency response: 40 Hz to 50 kHz - Display:
0.36" (9,1 mm) 7 -segment LED - Input impedance:
10 Mfg-Size: 8" Wx 6.5" Dx 3" H1203 x 165x76 mm)
- Power requirement: 4 "C" cells (not included).

Order yours now! Write to:
Timwood Ltd.
Prospect Road, Cowes,
Isle of Wight, England Telex 86892.
Send payment with your order.
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PROSPECTS

AT
THE time of writing we are at the

start of a new year-a year which
is an exciting prospect for the whole of
the electronics industry. Every man in
the street has now heard of the "chip"
and we have all seen or at least read
about the many products now available
because of it. The next year should see
hundreds more products and the
microprocessor boom take off in a big
way in the U.K.

Digital watches and calculators are
now cheap, efficient and available in
vast varieties to suit every requirement.
Video recorders-promised for so
long-are now a reality, as is the
videodisc in the States, but may not be
here until 1980. Perhaps we will see
the introduction of electronics to our
everyday transport during 1979. Solid
state instruments are at present un-
dergoing evaluation tests and it will not
be too long before the microprocessor
helps present every driver with better
information and perhaps provide in -car
entertainment for the kids.

TV
The P.O. Prestel system will become

widely available and we should start to
see cheaper Oracle, Ceefax and Prestel

equipped sets, though we doubt if
many homes will be in touch with
these systems by the end of '79. By
then we may know for sure what and
when our fourth TV channel will be-
though having been subjected to North
American TV we see no argument for
continuing to add to the number of
channels. TV games continue to
become more sophisticated but with
tape programmed computerised ver-
sions already around we doubt if '79
will see any further significant steps.

CB
We may also see some moves by the

Government on citizens band radio,
even if they are only attempts to stamp
out the numerous illegal networks
operating in our large cities at the pre-
sent time. Maybe this illegal use will
force the powers that be to assign a
frequency for CB. We would not
however expect this to provide a great
advantage to the man in the street as it
is highly probable that the alloted fre-
quency will not be in the 27MHz band,
but much higher and that the technical
spec. for each set will be high and
closely controlled, making equipment
expensive.

This would however overcome the

interference problems of 27MHz and
would probably provide a much more
usable network for those that could
justify the expense. If CB does come to
Britain we hope the communications
companies will be quick off the mark
with British designed-if not made-
equipment!

REVOLUTION
Of course all this new technology

will require new test equipment and
this, together with "the next industrial
revolution", of which many are talking,
will probably be a far greater growth
area than all those mentioned
previously.

One "new product'' which is now
being used in the home and small
business has not been mentioned
above-the microcomputer. The Tandy
catalogue, given free with our UK
mainland issues this month, features
their TRS 80 computer-probably the
best selling micro in the world-and
next month we hope to bring you a
review of a Level II machine.

Mike Kenward
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WHILE a dual or multi -trace oscilloscope is in many
ways ideal for checking logic circuits, the high cost

of such an instrument is the main reason for the large num-
ber of logic tester designs that appear in electronic
magazines.

Most logic testers are designed to show whether a test
point is a logic 0, logic 1, floating, or pulsing. Such units can
be extremely useful, but the fact that they merely indicate
the presence of a pulsed input and do not usually provide
any information about mark space ratio or frequency can be
a drawback.

A few logic tester designs attempt to overcome this
problem to some degree, and the unit described in this
article can be used to give some idea of the mark space ratio
and frequency of the input signal in most cases.

DISPLAY
This unit relies upon the fact that for the majority of logic

testing the high definition of a cathode ray tube is con-
siderably in excess of the minimum requirement, and a much
simpler form of display can therefore be used. The reason for
this is that in logic circuits the waveforms are produced by
rapid switching between the two logic levels. This tends to
produce oscilloscope traces of the type illustrated in Fig. 1 a.

There are really only two levels on the Y axis, which corres-

lb)

411000001111011C041100009

COOONOCCONC00000

(c) 000011000000000
Fig. la. Typical logic circuit waveform

Fig. lb and lc. The same waveform displayed first
using two rows of I.e.d.s then one

pond to logic 0 and logic 1. Obviously there are parts of the
trace at intermediate levels, but as the switching action
takes place extremely rapidly the intermediate parts of the
trace are extremely faint, and may well not be visible at all.

A simple waveform of this type could be displayed on two
rows of I.e.d.s as shown in Fig. 1 b, and with further sim-
plification a single row of I.e.d.s could be used in the manner
illustrated in Fig. 1 c. In the case of the latter, a I.e.d. is either
switched on to indicate a logic 1 level, or switched off to in-
dicate a logic 0 level.

Ideally a I.e.d. display of this type would have a large num-
ber of very small I.e.d.s in order to achieve the most accurate
and meaningful results. However, in practice this would be
difficult to achieve, and the unit described here uses a row of
ten ordinary 3mm diameter I.e.d.s. This seems to provide
acceptable results in most cases, and enables a circuit to be
used which is no more complicated than many conventional
logic testers.

BLOCK DIAGRAM
Although in operation this device is analogous to an

ordinary oscilloscope, it employs digital rather than analogue
techniques, and is of course very much simpler than an os-
cilloscope. Fig. 2 shows in block diagram form the general
arrangement of the unit.

The timebase section of the circuit consists of a clock
oscillator feeding a one of ten decoder, the ten outputs of
this device being used to drive the display of ten I.e.d.s. As
the name implies, one output of the one of ten decoder will
be in the logic 1 state and the others will be at the logic 0

V.REF

A.C.INPUT INDICATOR

4017 CLOCK

LEI
OSC

SYNC

L E D DISPLAY

Fig. 2. Block diagram of the Logiscope
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Fig. 3. Complete circuit diagram of the Logiscope

level. Initially output "0" will be at logic 1, but on successive
clock cycles outputs " 1 - to "9" will go to logic 1 in
sequence. After output "9" has been in the high state for
one cycle, the next cycle causes output "0" to go high, and
then the sequence commences once again

If the common connection to the I.e.d. display is taken to
logic 0, each I.e.d. will be strobed on in turn, and this
sequence will be repeated continuously. The effect is much
the same as the electron beam being continuously scanned
across a CRT, and there will appear to be a continuous line
of illuminated I.e.d.s as this action will occur too fast for the
eye to perceive what is happening.

If the common connection to the display is taken to logic
1, there will either be zero bias or a reverse bias across the
diodes in the display, depending upon the state of the output
driving each particular diode. In either case the diodes will
not light up.

The common is actually driven
from the output of an operational amplifier which is used as
a comparator. The non -inverting input is taken to a reference
voltage and the inverting input is coupled to the input signal.
If the input is at logic 0 the inverting input will be at a lower
voltage than the non -inverting input, the output will go high,
and the I.e.d.s will not come on. Taking the input to the logic
1 state will reverse the comparative input levels, the output
will go low, and the I.e.d.s will light up. The circuit is

OV

arranged so that with a floating input the output of the com-
parator is at approximately half the supply voltage. Thus,
display off, display on, and display dimmed correspond to in-
put states of logic 0, logic 1, and floating, respectively.

A simple indicator circuit driven from the output of the
comparator will indicate the presence of a pulsed input. The
timebase frequency would then be adjusted to a factor of
the input frequency in order to show the mark space ratio of
the input signal. For example, if the input signal is a 100kHz
squarewave, adjusting the timebase frequency to 20kHz
would result in every other I.e.d. being switched on, and the
correct one to one mark space ratio being displayed. Of
course, the timebase frequency must be synchronised to the
input signal in the correct way otherwise the result might
simply be that each I.e.d. would be switched on for part of
the time. A suitable sync. circuit is incorporated in the
device.

THE CIRCUIT
This is shown in Fig. 3, and IC1 is the comparator op.

amp. The CA3130 is used here as it is capable of quite fast
operation (30V/i.tS slew rate) and has good compatibility
with the CMOS display decoder/driver (the CA3130 has a
CMOS output stage). R4 and R5 provide a suitable reference
voltage for the non -inverting input and R3 plus R6 bias the
output to about half the supply potential with input left
floating. Due to the high values of R3 and R6 the unit has a
high input impedance, and these two components will have
no effect on the circuit when the input is connected to a nor-
mal functioning digital output.

Some of the output signal from IC1 is coupled to TR1
base via R2 and C3, but because C3 is included the coupling
is only effective on a.c. signals. This causes TR 1 to become
conductive on positive output half cycles, and I.e.d. indicator
D1 to come on in consequence.

The display decoder and driver is a CMOS 4017 device
and the clock signal is generated by an NE555 timer i.c.
used in the astable mode. These are IC2 and IC3 respec-
tively. The 4017 can directly drive the I.e.d. display and no
current limiting resistors are needed. The clock enable input
of this device must be connected to the negative supply rail
for the device to function. The reset terminal is not needed in
this application and so this too is taken to the OV rail.

IC3 has four switched timing capacitors with S1 being
used to select the desired capacitor. This provides the unit
with four timebase ranges. VR1 is the timebase fine fre-
quency control. The timebase ranges are approximately as
follows: Range 1 = 5Hz to 50 Hz, Range 2 = 50Hz to
500Hz, Range 3 = 500Hz to 5kHz, and Range 4 = 5kHz to
50kHz. IC3 has to operate at ten times these frequencies.
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f
COMPONENTS . . .

Resistors
R1 1k
R2 47k
R3 2M7
R4 68k
R5 8k2
R6 10M
R7 1k8
R8 4k7
R9 15k

All resistors kW 5% carbon,

Potentiometers
VR1 47k Lin. carbon

Capacitors
Cl
C2
C3
C4
C5
C6
C7

100µ 10V elect.
100n type C280
100n type C280
220n 5% or better
22n 5% or better
2n2 5% or better
220p 5% or better

9V
via 52

SKI

Less

03 TO D12+

I D8

[3'14

0 540

'els

...10

IDDI9re

R2D61

01

C2

0

Re

OV
BATT CLIP

Semiconductors
D1 TIL211 (green) or similar with panel holder
D2 1N4148
D3 to D12
IC1

1C2

IC3
TR1

Switches
S1

S2 S.p.s.t. toggle type

TIL209 or similar with panel holders (10 off)
CA3130T
4017
NE555 or equivalent
BC109

4 way 3 pole rotary type (only 1 pole used)

Miscellaneous
Verocase type 91-2672A or similar (about 134 x 123 x
44mm).
3-5mm jack socket (SK 1 ), 3,5mm jack plug, test lead and
prods
Two control knobs
PP3 battery and connector to suit
0.1 in. matrix stripboard
Sockets for i.c.s, wire, solder, etc.

The timebase frequency can be altered slightly by apply-
ing a control voltage to pin 5 of IC3, and this enables a
simple synchronisation circuit to be used. This merely con-
sists of coupling one output of the display driver to pin 5 of
IC3 via R9. The output voltages of IC2 are dependent to a

the signal from the output of ICI .

varies between about 12 and 3 5mA, depending upon the
timebase frequency and the state of the display.

large extent on the output state of ICI, and not just the logic
state each particular output happens to be in, because none
of the outputs have anything like zero output impedance.
This seems to provide better sync. than is obtained by taking

S2 is just an ordinary on/off control. Power is obtained
from a 9V battery (PP3, etc.) and the current consumption

CONSTRUCTION
The prototype is housed in a Verocase and the general

arrangement of the unit can be seen from the photograph.

05
VR I

COMMON

Fig. 4. Veroboard layout of the Logiscope

VICOMMON

R9

VR1

s1SI

COMMON

The input is coupled to the unit via an ordinary test lead and
a 3.5mm jack mounted on the front panel, but the unit could
easily be constructed in conventional logic probe form if
preferred.

Except for the controls and I.e.d.s, most of the compo-
nents are mounted on a 0.1in. matrix stripboard which has
32 holes by 15 copper strips. C4 to C7 are not mounted on
this panel, but are soldered direct to the tags of S1. All the
wiring of the unit is shown in Fig. 4.

USING THE UNIT
The maximum input frequency for which the unit can dis-

play the mark space ratio depends upon what the mark
space ratio actually is. It is over 200kHz for a 1 to 1 mark
space ratio, but decreases with higher ratios. As a pulse
detector it will operate at higher frequencies and will detect
pulses of less than 1 microsecond in duration.

When the mark space ratio is fairly long it may be found
that the display will indicate a mark space ratio of, say, 10 to
1 and 5 to 1, and perhaps lower ratios as well. The correct
result is always the highest ratio. The lower ratios are
produced by higher timebase speeds and are the result of
the pulse occurring on every second, third, or fourth sweep.
This makes the pulse seem two, three or four times its actual
length, but this is quite easy to detect since it results in the
display being noticeably dimmer than normal.

The display is not exceptionally bright because even
though the I.e.d.s are pulsed with a reasonably high current,
they can only be on for a maximum of 10 per cent of the
time. However, the display brightness has been found to be
perfectly adequate under normal lighting conditions.

P011113 ARMIN

NOUGHTS AND CROSSES GAME (January
1979)
In Fig.3 IC2, 3, 4 and 5 should have pins 2 and 4 linked. IC2,
3 and 4 should have pin 5 linked to the ,4k7 resistor and in
Fig. 8 the emitters of TR20 and TR21 should be linked.

ADSR ENVELOPE SHAPER (January 1979)
The Veroboard track layout was incorrectly reversed left -to -
right in this article. Constructors can obtain a correct copy of
the layout diagram from the editorial office at Poole.
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FRANK W. HYDE

THE DEATH OF SKYLAB
The decision by the United States to jet-

tison Skylab is on the face of things a great
disappointment. However, there does seem to
be a rather emotional reaction in some quar-
ters as to the possible damage to life. Only one
publicised case is on record of possible danger
from an uncontrolled satellite, which in the
event proved to be a safe fall on land.

The size and weight of skylab seems to be
the main cause of concern. The precision that
can be applied to the tracking of the dying
vehicle seems to be overlooked. Perhaps it is
because of the rarity of space disaster that the
media tends to become a little on the "doom"
and "destruction" side of reporting.

It is perhaps worth while to consider the
matter a little more closely for it is a respon-
sibility of those engaged in these matters to be
honest and factual particularly when inform-
ing the public of the exact situation. There is
so much tendency with the "doom" mongers
to deal in conjecture and dire consequences
without the least degree of reasonable ac-
curacy.

The condition of Skylab and its relative
position has been closely observed, and with
the facilities available it is possible to state
almost a minute to minute re -disposition.
There are certain important points that should
be remembered.

The first is that the vehicle does not have
protective heat shielding. Some parts of it, the
panels, the telescope mounting and various ex-
ternal attachments will almost certainly
vaporise very early in the final fall. That it will
be a spectacular sight there is no doubt and
even this will yield data of some significance.
It is a pity that some sources have already
made exact statements as to the magnitude of
casualties. Though it is possible during a con-
tinuing observation to determine very ac-
curately the likely course of events, the last
moments may pose difficulties. Nevertheless it

will be possible to form a workable
programme of action during the event. Unless
large pieces are scattered in the atmosphere as
a result of explosion, possible damage may
well bi. considerably less than may be feared.

If the fall is over an ocean area then the
chances of material damage becomes more
and more remote. Having said that there
remains one important possibility and that is
the deliberate destructive action by explosive
controlled (killer) satellite. If it is found that a
real danger could exist, what better justifica-
tion for its agreed destruction by those with
the means, is needed for the common cause of
mankind.

TIROS -N SATELLITE
On the 13th of October 1978 the third

generation polar -orbiting TIROS -N was
launched. It has already justified its planning
and is giving a better insight into the workings
of the stratosphere, as well as improving the
meteorological forecasts. The instrument
which is supplied by the Meteorological Office
was the stratospheric sounding unit (SSU). It
is an infrared radiometer and provides world
wide data relating to the temperatures existing
between the heights of 25km and 50km above
the Earth. Such temperature soundings enable
weather forecasting models to be made and
also provide facilities for the monitoring of
pollution conditions in the atmosphere.

The SSU is an interesting and efficient
instrument based on techniques already
demonstrated by the Oxford University
Department of Atmospheric Physics which
flew aboard the Nimbus -6 satellite.

The original system was developed by the
Oxford group and based also on work done by
Professor Smith's group at Heriot-Watt
University and Professor Houghton's team at
Oxford. The three channel sounder measures
outgoing radiation from the atmosphere 151.tm
band of carbon dioxide. The radiation enters
the SSU through a set of absorption cells con-
taining CO, the pressure of which is varied at
about 40Hz using a piston vibrating in a cylin-
der. The strength and the width of the absorp-
tion lines vary with pressure, thereby
modulating the radiation which is emitted by
the carbon dioxide.

The modulated component is received by
the detectors (pyroelectric triglycine sulphate)
designed and built by the Allen Clerk
Research Centre. The SSU has a 10° field of
view. This can be varied in 10° steps at right
angles to the satellites' line of flight. Each step
is viewed for four seconds which means that
an area of about 150km is then covered by the
10° field of view. The distance between the ad-
jacent scan lines is about 210km. The instru-
ment calibrates itself at regular intervals of
256 seconds. Two reference bodies are used in
the calibration mode, an internal black body
and the background of space.

Marconi Space and Defence Systems is
building altogether eight of the SSU's and the
remaining seven will be flown aboard a series
of NOAA satellites to follow the TIROS -N.
Two spacecraft will be in orbit at any one
time. The remaining craft will be held in store
until required. Data will thus be available at
least to 1985. Initially the data will be used in
research into the dynamics of the stratosphere

and the way in which it interacts with the
troposphere. Man-made effects and natural
effects will be studied in the variations of the
ozone and carbon dioxide content.

Global maps will be available to other
countries who ask for them. It will be possible
to supply data on stratospheric behaviour
within hours.

THE VELA PULSAR
A new technique to detect pulsars has been

developed by a team of British and Australian
astronomers at Sliding Spring Mountain in
New South Wales. The pulsar which was first
discovered as a radio pulsar flashing at 16
times a second in 1968 is now found also to be
an optical pulsar. This neutron star is at a dis-
tance of 1,600 light years.

This new development was made possible
by the installation of the 3.9m telescope. The
pulsar is estimated to be about 10,000 years
old. It is the second fastest pulsar known. It
never completely turns off but settles to a
steady state. It has a pattern of double flashes
every 89ms. By using a time interval succes-
sion of pictures of 33ms interval the flashes
can be caught in the on and off state.

The previous telescopes were not of suf-
ficient light gathering power to detect the
pulsar. The operation of this pulsar is similar
to a lighthouse, there being one main pulse
followed by the secondary pulse.

HOLOGRAPHY IN ASTRONOMY
New techniques of mathematical analysis

have been developed by Dr Gerd Weigelt of
the University of Erlangen -Nurnberg in Ger-
many. They enable speckle interferograms of
stellar objects to be made. The speckle inter-
ferogram is a very short exposure of a stellar
object, which freezes the star image dancing
because of the turbulence of the atmosphere.
Already 240 speckle interferograms have been
made. The telescope used is 1.8m in diameter.

VENUS
The unexpected result of the Venus multi -

probe experiment was an indication of large
quantities of Argon -36. By comparison with
the Earth this is so high as to give cause for a
very special look at the present theories of the
origins of Venus. That the planets Venus and
Earth evolved at about the same point in time
seems to be in doubt with some planetologists.

Till now it has been thought that the
primodial argon was blown away at a very
early date in the lifetime of the two planets.
The discrepancy that exists between Mars and
the Earth was explained by saying that as
Mars was a smaller planet less gas was
released. Whether these sudden changes in the
situation are thought to exist is to some extent
in doubt because the results of the mass spec-
trometer differ by a factor of 10 from the
results of the gas chromatograph on the
probes. This alone should warn against hasty
judgements. It may well be that still another
mission will be required before any radical
ideas can be allowed to prevail.
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N recent months the use of digital sequencers with
I music synthesisers has become very popular with
contemporary music and completely new sound pat-
terns have been created with these devices.

A sequencer enables the user of a synthesiser to
program in voltage patterns that in turn produce a
musical melody which can be further manipulated in
terms of speed, rapid key changes, etc. all of which
would be very difficult, if not impossible, for the
human operator to do with such speed and precision.
For example, a drum sequence can be programmed
into the sequencer and replayed while the musician
plays the synthesiser or other instrument.

S AY ROBINSON
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SEQUENTIAL CONTROL
The sequencer to be described in this article enables up to

sixteen different bits to be programmed and repeated at any
speed required. The sixteen bits to be programmed and
repeated at any speed required. The sixteen bits can refer to
pitches, as is most common, or the timbre, loudness or
length of the musical note. The notes are programmed into
the sequencer by the use of potentiometers, one for each
note. This is the method of sequential control most com-
monly adopted by all the main synthesiser/sequencer
manufacturers, Moog, ARP and Roland for example.

While it may appear a rather simple and crude method of
achieving a sixteen note memory compared with all the
digital memories available, it is the cheapest and most
reliable method as the tuning potentiometers used will
remember indefinitely the selected voltage level.

Bearing in mind that the previously mentioned commer-
cial sequencers cost several hundred pounds, the sequencer
to be described has features as found on these designs and
will cost around £35 in components and hardware.

The method used to generate the sequential function is
simply an oscillator driving a digital counter with the output
voltages going through a potential divider to obtain the
processed voltage. This voltage then controls the frequency
of a voltage controlled oscillator, or the cut-off frequency of
a voltage controlled filter or the attenuation of a voltage con-
trolled amplifier in the synthesiser.

A prototype sequencer has been used very sucessfully
with a Mini -Moog synthesiser and the advanced features
available on commercial versions are possible at a much
reduced cost.

The basic layout of the sequencer is as shown in the block
diagram (Fig. 1) and each block will now be considered in
detail, referring to the appropriate circuit diagram.

IEP 45)

CLOCK

SINGLE

STEP

MONOSTABLE
ENVELOPE
TRIGGER/

LED DRIVER

CHANNEL A

COUNTER
PROGRAM

POTS
OUTPUT

LEDS

COUNTER
PROGRA

POTS OUTPUT

LEDS

CHANNEL B

Fig. 1. Block diagram

CLOCK GENERATOR
IC 1 is the control voltage adder for the voltage controlled

clock (Fig. 2(. R4, D1 and D2 protect the CMOS device from
voltages more negative than OV.

By applying a voltage to the gate of the n -channel
MOSFET the resistance between the source and the drain
will decrease with an increasing gate potential. This
resistance is used as the timing resistor in the oscillator con-
sisting of the two NOR gates in IC2.

The frequency of oscillation can be varied from about
0.2Hz to 100Hz by adjustment of VR2. The two preset
resistors are adjusted so that VR2 will produce this variation.

The clock can be gated on or off by Si or by a control

SPECIFICATION . . .

Sequence Channels
(a)

(i) one channel of up to a maximum of sixteen
programmable voltage levels

(ii) two channels of up to a maximum of eight
programmable voltage levels

(iii) a 64 note sequence can be programmed (eight
groups of eight notes)

(b) two, eight -way switches select the number of notes
in each sequence channel

(c) the two counters (sequence channels) can be
advanced by:
(i) integral clock oscillator
(ii) push button

(iii) external input pulses
(d) reset push button
(e) pulse output available from jack sockets at end of

sequence
(0 channel one, position one pulse output
(g) single or repeating sequences possible

Clock
(a)
(b)
(c)

(c)

frequency range of approximately 0.2Hz-100Hz
voltage controllable frequency
clock can be switched off/on by manual switch or
be gated off/on via jack socket
output from clock is directed to:
(i) counters
Oil output trigger circuit

Envelope Shaper Trigger
(a) variable pulse width to trigger either AD or ADSR

envelope shapers, pulse time approximately
50mS-4S

(b) positive trigger level 0-9V
(c) L.e.d. shows on period of monostable

Sequential Analogue Outputs
(a) voltage levels programmed by 16 potentiometers,

typically 0-6V output (12V max)
(b) master output controls for each channel
(c) low output impedance
(d) variable portamento (slew) on channel one output

and 16 bit sequence

Lamp Indicators
(a) L.e.d. for each note of each channel to show

progress of sequence (total 16)
lb) L.e.d. showing on period of envelope trigger

Power Supply
I -12V for sequencer; can also be used to power
additional synthesiser functions

voltage applied at JKl. The squarewave output is then inver-
ted by part of a 4007 so that when the clock is gated off, the
output is low. The remainder of the NOR gate is used to con-
struct a latch for bounce -free operation of S2 which is a
single step control and will advance the sequencer counters
by one position each time.

MONOSTABLE TRIGGER
A monostable is seen after the inverter. A pulse of cons-

tant period is produced by C3 and R14 and this is used to
switch an n -channel MOSFET which in turn is used to dis-
charge the capacitor C2. Pins 5/6 of the AND gate will nor-
mally be at logic "1" and after a time period set by R10/VR4
and C2 the potential will fall to OV.
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+12V

kKftiea
CONTROL

R6
1M

R4

15k

+12 Vy -

D1

A 1N914

1C2 - 4001
1C3 - 4007
IC4 - 4081
IC5 - 4049

D 2
A 1N 914

47k

A 031N914

D4

01

+12V

S2
'STEP'

Fig. 2. Sequencer front end

2 X 1N914 

5

+12V

TIME ON
50m5-.- 45

R9
1M

JK4 /JK 5

912
470

042
TIL 209

JK3

COMPONENTS .

Resistors
R1 -R3
R4
R5
R6 -R9
R10
R11
R12
R13
R14
R15 -R17
R18 -R33
R34 -R40
R41 -R44
R45

100k
15k
100k
1M
15k
1M
470
15k
47k
10k
680
100k
470k
240k

R46 1k
All qW carbon -film

Capacitors
Cl
C2
C3
C4 -C7
C8
C9 -C10
C11 -C12

1µ non polarised
2n2 16V elect.
100n
1n
2µ2 16V elect.
1,000µ 25V elect.
ln 16V tantalum

Bridge Rectifiers
REC1--REC2 1A 50V (2 off)

(W005)

Integrated Circuits
IC 1

IC2
IC3
IC4
IC5
IC6-1C7
IC8-1C9
IC10
IC11

741
4001A
4007
40818
4049B
4017A
40498
4001
4016

IC12-1C14 741
IC15-1C16 LM341P-12

(12V 500mA positive regulators)

Potentiometers
VR 1 4k7 preset
VR2 2k2 linear
VR3 47k preset
VR4 1M linear
VR5-VR20 100k linear
VR21 1M linear
VR22 1k linear
VR23 1k linear

Diodes
D1 -D25

"D26 -D42
1N914
Large red I.e.d.s plus
clips

Switches
S1

S2
S3
S4 -S5

56
S7

s.p.s.t.
s.p.d.t. spring biased
Push to make
Single pole, eight -way
rotary with end stop
d.p.d.t.
d.p. mains switch

Transformer
T1 0-12V 0-12V 6VA

(Maplin)

Miscellaneous
JK1-JK3 3.5mm jack sockets
JK4-JK7 3.5mm jack sockets

with closed contacts
JK8-JK10 3.5mm jack socket
14 pin i.c. sockets (5 off)
Thin eight -way ribbon cable
Graduated knobs (16 off)
Plain knobs (7 off)
Letraset, p.c.b., FS 1 100mA 20mm fuse.
LP1 neon indicator
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470 k

13/IC6

iR 36
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024
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D25
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100k
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100k

D16-023
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0

0

0

0

0
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Fig. 3. Counters, channel switching and output stages
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5 /1C110 13/ C6

16 note sequence

A run, B stop
B reset, B run
B run, A stop
A reset, A run

Repeat
etc.

4001 pins
3/5 2/4 1 6
1 0 0 0
O 1 1 0
O 1 0 0

1 0 0 1

1 0 0 0
O 1 1 0

Logic 0 = OV Logic 1 = 12V

Counters enabled -0
Counte, s stopped -1
Counters reset ---1
Counters run --0

TO S4

TO S5

IC10a
IC10c

IC10b

13/IC11b

IC10d
13/1C 7

+12V

1X16 236

RESET
COUNTER4

RESET
COUNTERA

Fig. 4. Showing logic for 16 note sequence. For 2 x 8 sequence the latch is bypassed (IC10a/b). Each counter resets via IC4c/c1

TAPPED VOLTAGES
Each sequential output (only eight are used per channel in

this sequencer) is terminated by a 100 kilohm potentiometer
which is used to tap off a precise voltage to control a VCO in
the synthesiser. The outputs from the counter are also used
to control the 4049 hex inverter buffers which are used to
drive the I.e.d.s. For this purpose the new CMOS series of
"B" devices is used. The RCA 4049B can sink up to 42mA
at 12V per package and this is adequate for the sixteen
I.e.d.s, one for each note, since there is a maximum of only
three I.e.d.s being driven at once (including the envelope
trigger I.e.d.).

This voltage is inverted by an inverter in IC5 and a positive
pulse will be formed each time the MOSFET is turned on.

FS1 T1

N E

00

IE P47]

I/P

= C9
T0001.1

I/P

TIE

The pulse, of period from 50mS to 4S, is used to trigger the
envelope shaper in the synthesiser, and for an AD type this
trigger will correspond to the sustain time, and for an ADSR
type of envelope shaper, this represents the time the
keyboard note is depressed. An I.e.d. lights to show the "on"
time.

CHANNEL COUNTERS
The output from either the clock, the "single step" or

external pulses via JK4-5 is used to advance the CMOS
counters (Fig. 3).

The 4017 is a decade counter which will decode a series
of clock pulses into a sequential output. A "counter enable"
terminal, pin 13, is used to inhibit the counter by application
of logic "1". A "reset" terminal, pin 15 will cause the
counter to be reset when "1" is applied.

0/P
1C15

LM 341P-12

COM

1C16

LM341P-12

cii

0/P

COM C1102

Fig. 5. Sequencer power unit

+12V I 5 0 OmA I

0 OV

0 12V I 5 0 OmAI

W005

LM 31.1P-12
12V 500mA
POSITIVE
REGULATOR

INPUT

OUTPUT

COMMON
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The channel outputs from each of the programming
potentiometers, passes through IC11, which is an analogue
switch, and depending on the channel switching as
controlled by IC10, the signal passes through to the 741 op -
amp voltage adder.

Previously, each of the pot outputs is taken to the
analogue switch via isolation diodes to prevent a pro-
grammed pot that is low, from lowering the potential of all
the others.

Normally counter A only uses IC14 when the sequencer is
in the parallel channel mode (2 x 8 channels operating
simultaneously). But channel B is switched in for a 16 note
sequence and the analogue switch and IC10 are used for
this function.

IC13 is used to add a variable portamento to the
sequence in the 16 note position and channel A only when
the sequencer is used in the parallel channel position.

The voltage outputs from the channels are reduced to 6V
maximum for convenience when used with a synthesiser,
but by adjustment of R45 and R46 this can be altered.

CHANNEL SWITCHING LOGIC
The channel selection logic is shown in greater detail in

Fig. 4. Such complexity is necessary for easy switching
between series and parallel counter function, and also to
ensure that the full number of counts is produced by each
channel as originally selected by the "Sequence Length"
rotary switch. It is also necessary that when a counter is at
that instant not in use the I.e.d.s for that channel have
stopped.

In the parallel mode, the sequential counters are reset via
the AND gate and function completely independently, e.g.
one channel can be used to produce a four note sequence,
and the other an eight note sequence. None of the gates of
IC10 are used and this is bypassed by the NOR gates in the
remaining part of the i.c. and the counters are continually
enabled.

In the series position, when one counter, say A, has come
to its last count the latch is changed over and counter B is
simultaneously reset and enabled. Counter B will then run to
the last count aS selected by S5 and the latch will be
changed over again; counter B disabled, counter A enabled
and reset. This continues for as long as necessary.

POWER SUPPLY
The power supply for the sequencer is shown in Fig. 5 and

is based on positive voltage regulator i.c.s. The circuit will
provide +12V at 500mA and can be used to power other
sythesiser modules.

The circuit is designed around two positive regulators
rather than a positive and negative regulator, since these are
more readily available and cheaper, and this system requires
the use of a transformer with separate secondary winding,
available from Maplin or R.S. Components.

If the power supply is only to power the sequencer-no
other synthesiser modules-then heatsinks will not be
necessary, otherwise for the full power output adequate
heatsinking must be used, and the transformer must be as
specified.

Tantalum capacitors are used on the output of the
regulators so as to provide adequate ripple rejection. The
sequencer circuit itself will not malfunction, but the ripple
could be superimposed on the sequential voltage outputs
and hence the VCOs, etc. and be reproduced audibly.

Next Month: Constructional details and using the
sequencer.
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AURAL

TERE

PATENTS
ADRIAN HOPE

THE BBC has recently transmitted several plays in binaural,
or so called "dummy head", stereo and several commercial

recordings have been issued to demonstrate the technique.
Although binaural stereo is in fact an extremely old idea (just
how old will subsequently emerge) there is still widespread con-
fusion over what it is, how it works and what it offers.

The situation has not been helped by the rather inadequate
press releases issued by the Broadcasting House Publicity
Departments prior to the BBC binaural transmissions. These
releases have been garbled by innocents in the national press
with the result that many people who are in fact fully equipped
to listen to binaural stereo radio transmissions may well not
have realised the fact and thus missed opportunities.

CURRENT INTEREST
The current wave of interest in binaural stereo dates back to a

demonstration given by the German firm Sennheiser at the
Berlin radio exhibition in 1973. Soon afterwards, the test disc
recording which was made for Berlin was used by the British
magazine Wireless World for a small, almost casual, demonstra-
tion at the Olympia audio fair. First word of mouth, and then
press enthusiasm, spread the news that binaural stereo reproduc-
tion can create far more effective surround -sound reproduction

than any quadraphonic or surround -sound loudspeaker system
yet available.

The theory behind binaural stereo recording and reproduction
is simple. Humans hear with two ears and are able to pinpoint
the origin of a sound with remarkable accuracy, even with eyes
closed. This is achieved thanks to the effect which the human
head has on any sound arriving at both ears from a single sound
source. Essentially the head serves as a baffle. When the arriving
sound is of low frequency (a few hundred Hz) the head baffle
has no discernible effect on the amplitude or volume of sound
arriving at each ear. But it does have a discernible effect on the
relative phasing of the long wavelength of the low frequency
sound. When the pitch of the arriving sound rises, the head baf-
fle has less discernible effect on the relative phase of the sounds.
This is because the shorter the wavelength, the more anomalous
the phasing becomes and the extra distance which the sound
must travel between the two ears becomes less significant. But at
these higher frequencies the head can attenuate the volume of
the sound arriving at the furthest ear.

In other words the head acts as a potential obstruction to the
sound arriving at each ear and this obstruction creates
anomolies in either phasing or amplitude, depending on the
soundwave frequencies and their direction of arrival. The human
brain is remarkably adept at decoding these anomolies to pin-
point the sound source.

If a pair of omni-directional microphones are arranged one in
each ear of the human head, or an imitation or dummy head
which closely resembles the human head in shape, size and tex-
ture, then what the microphones capture is a reasonably
accurate replica of the sound field at each ear. If the left and
right ear replicas are recorded on the two tracks of a stereo tape
recorder and replayed through an amplifier and stereo
headphones, then the headphone listener will hear a reasonably
accurate replica of what the ear microphones heard.

Although the system is not perfect (there may be difficulties in
distinguishing front from back sounds) the headphone reproduc-
tion of a binaural (i.e. two eared) recording made using either a
dummy or live head to hold the microphones, can produce a
remarkable spread of sound all around and over the head of the
listener. There is no real way of describing the effect, one can
only recommend that anyone with a stereo hi fi system and a
good pair of stereo headphones should listen either to a binaural
stereo recording or a BBC binaural stereo transmission.

PATENTS
As so often happens, the history of binaural stereo and likely

future developments are well documented by patent literature.
In 1881 Frenchman Clement Ader, who was fascinated by

both aeronautics and telephony, arranged a demonstration at
the Paris Electrical Exhibition to put the Bell telephone through
its paces. He arranged eighty Bell telephone mouthpieces or
"transmitters" across the front of the Grand Opera stage in
Paris and connected them by hard wiring to eighty earpieces or
"receivers" in the Exhibition Hall. The object was of course to
demonstrate what was then regarded as high fidelity reproduc-
tion of sound by telephone wire communication. But listeners
found that by using two earpieces instead of one they achieved a
remarkably realistic image spread of the opera sound. They
were, without realising it, discovering binaural stereo reproduc-
tion.

Until evidence to the contrary is produced it seems safe to
take the next and most positive emergence of binaural stereo, as
the patent application filed on April 13, 1927 by W. Bartlett
Jones of Chicago. The patent was not granted until 1932 and
carries the American number USP 1 855 149. It is still available
for the public to read in the library of foreign patents attached to
the British Patent Office in London.
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Bartlett Jones was aiming to improve the reproduction of
sound from recordings, for instance in a cinema. His experi-
ments with a dummy head equipped with a microphone in each
ear and connected to a pair of small speakers arranged as
headphones one each side of a listener's head, convinced him
that "a richer and more sonorous reproduction" than was ob-
tainable from an ordinary phonograph was a practical
possibility. Jones envisaged the idea of reproduction not only
through headphones but also by a pair of loudspeakers "em-
bodied into or secured to a seat so as to direct a right ear effect
and a left ear effect to the seat occupant".

Last year at the Harrogate Hi Fi Festival one firm was
demonstrating the modern equivalent of just such a seat, a
lounging -all -enveloping chair with loudspeakers built into the
side walls. Incidentally Jones in 1927 also proposed a technique
of binaural stereo recording by cutting two grooves in a single
disc or modulating a single groove both vertically and horizon-
tally. He was certainly one of the forgotten audio pioneers.

It seems likely, from a reading of Bartlett Jones's patent, that
the results he was obtaining from hard wire connections (it is
doubtful whether he succeeded with recording) were comparable
to those obtainable today from a lo fi system. Certainly a
binaural system was installed in the Chicago Science Museum in
the thirties and offered continual demonstrations to enthusiastic
audiences.

One visitor recalls how the audience would be equipped with
headphones through which they heard an announcer in a
transparent soundproof booth talking into a dummy head
microphone system. Half way through the demonstration each
visitor heard an unfamiliar voice whispering in their left ear.
"Could you please move a little to the right, you're blocking my
view," said the voice. Like a field of corn every visitor, imagining
that they were blocking the view of the listener behind, moved to
the right.

LOUDSPEAKER STEREO
Why then did dummy head, or binaural, stereo not catch on

permanently? Why was it forgotten again until the seventies? To
answer the second question first, binaural stereo has never been
entirely forgotten. Over the years, especially in the USA, there
have been various test or demonstration recordings issued for
minority interests. The answer to the first question lies again in
the patent literature. In the early thirties Alan Dower Blumlein,
working at EMI Hayes on improved sound reproduction, paten-
ted a system for reproducing stereo with a pair of loudspeakers
in a room rather than a pair of headphones or a pair of
loudspeakers in a chair.

The British patent number BP 394 325 (also still readily
available) is perhaps the most famous audio patent of all time. It
discloses in detail schemes for recording and reproducing sound
in stereo using a coincident pair of microphones and spaced
loudspeakers, with the sound recorded either in a double
modulated disc groove (in the manner of every LP stereo disc
now on the market) or on an optical film soundtrack (as now
finding favour in Hollywood with films like Star Wars, Close
Encounters and Grease). What Blumlein was aiming for, and
achieved, was what we now call "stereo" reproduction without
the anti -social limitations of headphone listening. In this respect
he was too far ahead of his time.

The war years hampered progress and diverted public
interest. But when the idea of stereo reproduction started to in-
terest the trade and public again after the war, it was hardly sur-
prising that the promise of reproduction with a pair of spaced
loudspeakers in Blumlein fashion should capture the public im-
agination, rather than lonely reproduction by means of
headphones or a loudspeaker chair. So loudspeaker stereo, not
binaural headphone stereo, became the commercial norm-and
still is.

SURROUND -SOUND
It was the upsurge of interest in surround -sound reproduction,

and the various quadraphonic systems devised in an attempt to
reproduce sound around the listener in a room, that set the scene
for a major re-emergence of binaural stereo. Quite simply none
of the quadraphonic systems foisted on the public in the early
seventies could achieve what they set out to achieve, namely a
true surround of sound around the listener. When Sennheiser
demonstrated their first dummy head test disc (still obtainable
from Hayden Labs, the British agents for Sennheiser at around
75p) the time was absolutely right for a rediscovery of binaural
stereo. An ordinary stereo disc played on an ordinary stereo
turntable through an ordinary stereo amplifier and through or-
dinary stereo headphones delivered far more than even the most
sophisticated quadraphonic system. There are now several hi fi
firms offering do-it-yourself binaural stereo recording kits,
usually a dummy head with a pair of small capacitor
microphones fitted to fit the ears. Sometimes the microphones
are built into headphones, sometimes they can be worn in the
ears of a human.

The over-riding disadvantage of binaural stereo is that a
recording made in this fashion will produce the required result
only when reproduced over headphones (or in a loudspeaker
chair). The reason is obvious although repeatedly overlooked
and misunderstood. In loudspeaker stereo reproduction the
sound from the left speaker reaches both the left and right ears
of the listener, and the sound from the right speaker reaches
both the right and left ears of the listener. Also the sound is
transferred to the listener via the room acoustics. Most normal
recordings are made in a manner which presupposes that
reproduction will be in this way and the entire chain of recording
and room reproduction produces an illusion of a sound spread
between the loudspeakers. When heard over headphones a
recording made for loudspeaker reproduction will usually sound
flat, as if coming from inside the listener's head. This is because
there is direct interface between the headphones and ears.

A recording made with a dummy head and intended for
headphone reproduction will produce a quite unsatisfactory
stereo image when reproduced from loudspeakers. True binaural
reproduction effect is only obtained when the sound picked up
by the left ear microphone is channelled or interfaced only to the
listener's left ear, and so on. When a binaural stereo recording is
reproduced from loudspeakers, the sound picked up by the
dummy head left ear will be reproduced by the left loudspeaker
but will reach both the left and right ears of the listener, and so
on. It will also be coloured by the room acoustics through which
it travels. The result is a diffuse and confused stereo image.
Loudspeaker and binaural stereo recordings are thus not
compatible.

MODIFIED SYSTEMS
This incompatibility has prompted research all round the

world to develop modified systems. In 1974 Herr Stahl of the
German radio station RIAS, lectured broadcasters in London
on how dummy head recordings can be doctored to make them
compatible for loudspeaker reproduction. Essentially the un-
desirable acoustic crosstalk between left loudspeaker and right
ear, and right loudspeaker and left ear, is cancelled. This is
achieved by introducing phase shifts and delays into both sound
channels.

A degree of frequency equalization is also used to compensate
for, i.e. subtract, the effect of the acoustic transfer of the sound
to the ears of the listener via the room rather than by direct in-
terface between the headphones and the ears.

Shahl at the time stated that "the amount of electronic equip-
ment required . . . is considerable . . . but with integrated cir-
cuits . . . manufacture would not be too expensive". Such
manufacture is now under way in Japan. One of the firms
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especially active in the field of binaural stereo reproduction is
Matsushita. There are already on sale from JVC and National
(so far in Japan only) add-on "black boxes" which doctor stereo
signals so that they can be reproduced by loudspeakers with im-
pressive binaural results. But listener position is very critical.

A Dutch inventor by the name of Johannes Van Den Berg
recently patented in the UK (BP 1 503 400) an alternative ap-
proach to the problem which relies far less heavily on
sophisticated electronics. Whether the Dutch idea works in prac-
tice is open to question but the theory is interesting.

Van Den Berg suggests that the original dummy head
recording should be made with two dummy heads, rather than
one. The two heads, each with a microphone in each ear, are set
in front of the sound stage to be recorded a few metres apart,
rather like two members of an audience on opposite sides of the
stalls. The sound signals from the four microphones are chan-
nelled into stereo. The left ear signals from one head are mixed
with the left ear signals from the other head to produce the left
channel and the right ear signals from one head are mixed with
the right ear signals from the other head to produce the right
channel.

In this way the left channel output of the total system con-
tains sound from both the extreme left of the sound stage and the
centre of the sound stage, while the right channel output con-
tains sound from the extreme right of the sound stage plus sound
from the centre of the sound stage. According to the inventor the
stereo output provides good results both with headphones and
through a stereo pair of loudspeakers. Whether the inventor is
right in claiming that "sound thus reproduced via loudspeakers
gives the listener a considerably better spatial impression than
sound reproduced by conventional techniques" must remain a
moot point.

RECENT PATENTS
Patents recently granted to Matsushita in the UK show that

the company is addressing itself not only to the enhanced
reproduction of binaural recording with loudspeakers, but also
to a closely related problem. This is how to improve headphone
listening, especially with recordings intended for loudspeaker
reproduction.

In BP 1520 612 three Matsushita inventors suggest that the
characteristic "in the head" sound obtained from playing con-
ventional stereo recordings over headphones is due to the lack of
indirect or ambient sound heard by the listener. This point is also
emphasised in a Matsushita paper in the Audio Engineering
Society Journal for November 1976. The contention is that
stereo recordings will sound dead and "inside the head" when
replayed over headphones if they lack ambience or indirect
sound. According to Matsushita, loudspeaker reproduction adds
ambience from the listening room to such recordings, but nor-
mal headphone reproduction cannot of course add any such am-
bience. Thus, they say, the cure for "in the head" sound from
headphones is to add artificial ambience or indirect sound to the
signals to be reproduced.

It is certainly a fact that most modern recordings are made
with close microphone techniques and added artificial reverbera-
tion and that these sound dead and "in the head" through
headphones. It is also true that a good dummy head recording
and a good recording made with a simple coincident microphone
pair (suggested by Blumlein in the thirties and still thankfully
finding favour with some recording engineers) do contain a con-
siderable amount of natural ambient information and do sound
"out -of -the -head" on headphones. Although Matsushita do not
follow the train of thought, it may well be that our ears and brain
are able to distinguish between natural ambience and un-natural
added reverberation in a recording, rejecting the latter for the
artifact that it is.

The Matsushita patent proposes that the sound of a conven-
tional, dead stereo recording may be improved over headphones
by introducing extra reverberation in mechanical manner. Es-
sentially a mechanical spring is incorporated in the acoustic
transmission path to the listener's ear. This introduces an
artificial reverberant delay. The system sounds primitive and
self-defeating in that the ambience added must surely be as un-
natural as that already present in the recording. Certainly, and
perhaps not surprisingly, there is no sign yet of such an acoustic
ambience -adding system in the shops.

The approach suggested in the 1976 AES paper is much more
encouraging, and indeed is now on demonstration in Japan. In-
stead of using a mechanical or acoustic circuit to add ambience
or indirect sound artificially, an electronic circuit of bucket
brigade devices is used to achieve the same object.

DIFFERENT SOLUTIONS
The same problems, but rather different solutions, are

described in another recent Matsushita patent BP 1517 938. In-
deed this patent reads almost as if the issue of indirect sound and
ambience has been forgotten by the Matsushita research depart-
ment! "In the head" imaging is blamed partly on an abnormal
sound pressure -versus -frequency characteristic which is created
when recorded sound signals are delivered to the listener's ears
with the intended acoustic link (loudspeaker -to -ear) "short cir-
cuited" by the use of headphones.
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The patent includes graphs which show how sound pressure -
v -frequency characteristic measurements taken at the ears of a
listener, first facing a pair of loudspeakers in a room, and then
hard against a pair of hi fi headphones, do not match. The
curves suggest that there is an un-natural peak introduced by
headphone listening at around 3 kHz and the Matsushita patent
proposes the incorporation of notch filters in the headphone cir-
cuitry to iron out this peak. The patent also lays blame for in -
head imaging on the lack of acoustic crosstalk between left and

right channels when reproduction is through headphones rather
than loudspeakers. To compensate for this Matsushita introduce
electronic crosstalk (at low frequencies) between left and right
channels. Additionally a slight delay is provided to simulate the
slight delay which is introduced by the spacing of a pair of
loudspeakers in front of a listener in a room.
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SONY
Although there is of course some common ground between

the theories proposed by Matsushita in the two patents and the
AES paper, there is equally clearly no concerted agreement,
even between workers in the same research lab, on how to tackle
the single most important problem of headphone listening-how
to ensure that the image is formed outside the listener's head,
regardless of programme material. Moreover two patents
recently granted to Sony, another Japanese electronics giant in-
terested in the same field (BPs 1520 318 and 1 520 319) confirm
that there is still plenty of room for dispute over the right ap-
proach to the problem.

Both Sony patents are concerned mainly with fairly trivial ad-
vances. for instance the incorporation of a miniature
microphone in a headphone -like windshield for a dummy or
human head to wear, and the incorporation of even more
miniature microphones into windshield -like ear plugs for similar
use. But both patents refer also to the loudspeaker reproduction
of binaural stereo recordings. According to Sony when
microphones at the ears of a human or dummy head receive
sound from the front, the ear's physical structure produces
peaks in the frequency response at 3kHz and 8kHz. These
anomalies, according to Sony. help the listener to identify the
source of sound and must be preserved in a binaural recording
used for headphone listening. But when the binaural recording is
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reproduced by loudspeakers in a room, the peaks will he
artificially boosted because they are in effect created twice, once
by the dummy head recording process and once by the real head
listening process. Thus, say Sony, the frequency characteristic of
a binaural recording intended for loudspeaker reproduction must
be flattened with filters notching at 3kHz and 8kHz. But wait a
minute? Doesn't Matsushita patent the apparently contradictory
idea of flattening a 3kHz peak for headphone reproduction of a
recording? You pays your money and you takes your choice of
interpretation!

One thing is certain. There is a considerable amount of
research and development work yet to be done before the public
is offered what has so far proved a chimera, namely a "black
box" capable of making all kinds of loudspeaker stereo and
binaural dummy head stereo recordings mutually compatible for
either loudspeaker or headphone listening.

(News Briefs)
AWAY WITH CONTACTORS

I
F YOU'VE ever tried to service an electromechanical timer unit, perhaps

on a cooker or automatic washing machine, you've probably cursed.
If you've had a vacuum cleaner switch jam up, or watched your freezer
motor (relay operated) shake because it was switched off at the peak of
the mains cycle, or dim the lights because it switched on at a peak,
you've probably mumbled something about . . . "the sooner springs
and contacts are banished from domestic appliances the better".

It's even more baffling to anyone with the slightest involvement in
electronics, that solid state devices are not widely used, since there's
nothing new, or expensive about triacs.

Fortunately solid state technology is advancing into this domain, and
one arrival is the MOS-LSI microcircuit appliance timer by G.I.M.,
comprising central processor with on -chip memory.

The circuit (basically a 4 -bit microprocessor) is essentially a

versatile, low cost timer, providing designers with the type of facilities
necessary for controlling cookers, driers, central heating, etc. The 28 -
lead version designated AY -3-1250, accepts instructions from "hours
up", "hours down", "minutes up", or "minutes down" keys, where
momentary depression of keys cause single increments or decrements,
and continuous depression causes the displayed digits to cycle. In use,
the circuit is linked to a 4 -digit I.e.d. display indicating any function
selected. It has three separate outputs for which on and off times may
be programmed in.

The 40 -lead version-designated AY-3-1251-is designed for more
sophisticated systems where 10 x 4 keyboard or touchpad entry and
I4 -digit permanent display are required. It has four controlled outputs,
each with a variable mark -space ratio for control of hotplate duty
cycles, etc. The 14 -digit display facility could be used for a minute
minder (3 digits), oven temperatures (3 digits), time on/off (4 digits),
and hotplate temperature (4 digits).

When used for fully automatic cooker control, the time programme
would be entered and cooking temperature selected using a key pad.
When the start time is reached the appropriate output would be
activated and an "ON" indicator lamp energised. When the stop time is
reached the output is deactivated and the minute minder audible alarm
activated for 10 seconds. All three programmable outputs may be

separately controlled in this way, but the device can also be used in a
semi -automatic or manual mode. A further facility allows a set
programme to be repeated at 24 hour intervals by the simple depression
of a "repeat" key.

Both 28 -lead and 40 -lead versions include a built-in standby
frequency source, which allows the devices to function normally during
mains failure. In this event the circuit detects the absence of 50/60Hz
input, and a 200kHz oscillator takes over timing under external battery
power and lights a "mains failure" warning lamp.

MODEL AIRCRAFT RADAR
EMISSION of sulphur dioxide is a subject of current interest in

Europe, since industrial emissions in one country have been found
to affect air quality and the acidity of rainfall in neighbouring countries.
Pollution from the U.K. has been said to harm the ecology of Scandina-
vian countries.

The latest sale of the Plessey WF3 Windfinding Radar to the Central
Electricity Generating Board has extended its application to that of
tracking model aircraft.

Following successful trials at the Plessey Cowes plant on the Isle of
Wight, a WF3 MK2 version was purchased by the Central Electricity
Research Laboratories (CERL) for tracking and measuring plumes of
gases and particles emitted from power station stacks, using radio con-
trolled model aircraft carrying various sensors. The radar system will
be used in a mobile mode so that equipment can be located in the op-
timum position for returning accurate aircraft flieht tracking data.

Research staff of the CEGB are seen at the I.O.W. during
trials with their radio controlled aeroplane. The Plessey
radar system is in the background
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Items mentioned are usually available from electronic
equipment and component retailers advertising in

this magazine. However, where a full address is
given, enquiries and orders should then be

made direct to the firm concerned. All

quoted prices are those at the

time of going to press.
by
Alan
Turpin

INTERCHANGEABLE SCALE
A new range of IMO J Series analogue panel
meters comprises ammeters, voltmeters (both
moving coil and moving iron), varmeters and
frequency meters. They feature in-
terchangeable scale plates which are un-
plugged and reinserted without recourse to
opening or tampering with the rest of the
instrument.

They are available in three standard DIN
sizes -72, 96 and 144mm square with
quadratic scales for easy reading.

There is a wide range of scales from mA to
MV. The meters have a full 90° sweep, com-
pressed scales for overload, and employ
silicon -damped, jewelled movements. The
scales have "click" positive location for
accurate reinsertion.

Transducers supplied with wattmeters or
varmeters can be set for full or reduced power
simply by switching an internal commutator,
thus covering the majority of applications with
a constant full scale output current of 5mA.

IMO Precision Controls, 439 Edgware
Road, London W2 IBS. (01-723 2231/4)

and
David

Shortland

EASY ACCESS BATTERY
HOLDER

For projects needing a 9V battery this
holder does away with having to take the pro-
ject box apart when the battery gets flat.

A rectangular hole in a panel or enclosure
with a thickness of 1.5 to 3mm is all that is
required. The holder is simply pressed home.

Injection moulding has enabled the design
to incorporate moulded retaining clips (holder
to case and battery in holder) and also a flip -
over hinged cover which snaps shut.

Complete with battery connector and lead
for less than 1.

Battery Holder-Vero Electronics Ltd.,
Industrial Estate, Chandler's Ford, Eastleigh,
Hants. SO5 3ZR. (042 15 69911).

ALTERNATIVE TO DAISIES
For frequent and fast setting these encoded

numerical switches are worth consideration.
They can be called up for decimal, hex-
adecimal, BCD, binary octal, and several
other output codes, with options such as odd
bit parity.

Each lever has a full travel of 90° and dial
positions (8, 10 or 12) are selected by a
positive click action. A bank of switches can
be reset up or down with a single sweep of the
hand. Number windows can be in the upper or
lower part of the housing.

The housing is rear mounted into panels. A
two bank switch is approximately 40mm wide
and 30mm deep and takes about 40mm of
space behind a panel.

Loading limits are 28V a.c. or d.c. at
50mA. Non -switching current is 1A. Life is
over one million detent operations.

Full specification sheet, 1-0039, for series
28000 Minilever from sole suppliers (off the
shelf), Digitran UK, Melbourn, Royston,
Herts SG8 6AQ (0763 61600).

NEW TANDBERG CASSETTE
DECK

The TCD 320 retains the three motor
"Dual Capstan Closed Loop" tape transport
system introduced by Tandberg. Seventy per
cent of the cost of the machine is said to be
devoted to the recording circuitry to ensure
the most accurate recordings.

It can be operated in a variety of playing
positions, mounted on a table -top, vertically or
horizontally, or as a shelf model. It can be
operated as either a front -loader or a top-

_ _loader.
Signal to noise ratio is 65dB minimum, ac-

cording to DIN 45 500, while the frequency
range is from 30 to 18,000Hz (DIN). The off -
tape distortion is measured at 0.9 per cent.

A disengageable MPX filter cuts out the
pilot signal when recording from FM stereo
broadcasts, and the Dolby B noise reducing
system cuts down tape -hiss by approximately
10dB at high frequencies.
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MARSHALLS
The latest Marshalls catalogue which is now
available features many new components and
products including both the KIM and PET
microcomputer systems which are available
with a wide range of expansion units,
peripherals and software.

The price of the catalogue is 50p post paid
or 40p to callers. A Marshall (London) Ltd.,
42 Cricklewood Broadway NW2 3ET.

ALPHANUMERIC PRINTER
The Printina CSC is a 24 -column

alphanumeric printer which can be adjusted
by an internal trimmer to compress the
characters until 32 columns can be printed on
a single line.

Its fastest print rate is 1.2 lines/second
with a 5.2V power supply (the unit will
operate from 5V ±5 per cent). Write time is
approximately 400ms and its working life is
estimated at 106 lines without service.

The printer uses standard rolls of metallised
electro-sensitive paper with a 25 metres roll
allowing 5,000 lines to be printed. The paper
roll is stored internally and a new roll can be
fitted easily in a matters of seconds.

The price of the Printina CSC is £240 plus
VAT.

For further information contact Seltek
Instruments Limited, Hoddesdon Road,
Stanstead Abbotts, Herts SG12 8EJ.

ENCAPSULATED CONVERTER
A new range of miniature encapsulated

d.c./d.c. converter power supplies for
providing stabilised 5V or 12V outputs from
unstabilised 5V inputs is available from Gould
Electronics. Both the MC (single -output) and
MCD (dual -output) series have built-in metal
casings for radio interference shielding, and
are designed to be mounted on standard
printed circuit boards.

Ten models are available in the range, with
output current ratings of IA or 2A for the 5V
models, 400, 470, 800 or 940mA for the
single -output 12V versions and +190, +230,
±412 or ±525mA for the dual -output 12V
types.

Ripple is within 50mV peak -to -peak for
single -output versions and 35mV peak -to -peak
for dual -output versions and r.m.s. noise is
within 1 mV (20MHz bandwidth). The units
measure 50 x 50 x 10mm for the 5W ver-
sions and 63.5 x 89 x 23mm for the IOW
models.

For further information contact Gould
Electronic Components Division, Raynham
Road, Bishop's Stortford, Hertfordshire
CM23 5PF.

ASCII KEYBOARD KIT
A 63 key ASCII standard keyboard capable
of producing all upper and lower case
alphanumeric symbols and control functions
is now available from Newbear Computing
Store. The keyboard requires only the addition
of a 5V power supply, and the absence of
MOS devices eliminates the need for either a
negative power supply or any special handling
precautions.

A simple optional switch allows the selec-
tion of upper case only or upper and lower
case, and a red I.e.d. is provided as standard to
indicate when the keyboard is in upper case
mode.

All inputs and outputs are TTL compatible
and follow normal 7400 series loading and
level requirements. Positive logic is used, the
eighth bit is an optional parity bit, and
parallel output is standard. However, serial
output can be provided by addition of a serial
clock.

The price of the complete kit is £56 and full
details are available from Jon Day, Newbear
Computing Store, 7 Bone Lane, Newbury,
Berks RG14 5SH. Newbury (0635 49223).

STRIPPERS . . .

The Milbar I5E which is covered by the
Levermore "Belt and Braces" guarantee
retails for a rec. price of £3.50 exc. VAT.

. . . AND CRIMPERS
AB Engineering have introduced a new

range of light -weight crimping tools for 10-18
s.w.g. terminals.

BEEP! BEEP?
The new "Roadrunner" prototype wiring

system is said to offer considerable economies
on electronic and microprocessor development
work and a fast, accurate means of producing
pre -production circuit boards of any size, type
or i.c. packing density.

Keys to the efficiency of the new system are
the exclusive wiring instrument and the low -
profile press -fix or glue -fix distribution strips
employed. Together, they are said to allow
fast, accurate working.

The wiring instrument, or "pencil", feeds
the quick soldering enamelled wire from in
terchangeable bobbins. The instrument is
balanced for easy handling and has a fine,
long -life steel tip which aids accurate working,
even in the most confined areas. Special
features are the simple threading system which
allows fast bobbin change and the facility
provided for adjusting wire tension.

The castellated distribution strips have the
capacity for retaining a large number of wires
securely in position, without affecting the
extremely low profile of finished boards. They
have no posts to impede access when wiring.

"Roadrunner" systems are normally sup-
plied in kits which include a circuit board, a
wiring instrument, distribution strips and
spare bobbins of wire in four different colours.
However, individual components are available
separately. A typical "Roadrunner" introduc-
tory kit retails at £8.50.

Agency enquiries are invited.
Further information from T.113 Associates,

Unit 1I6b, Blackdown Rural Industries, Haste
Hill, Haslemere, Surrey, GU27 3AY.
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DIGITAL
EFILARGIMG
EXPOSURE
METER

FOR THE PHOTOGRAPHER WHO DOES HIS OWN DEVELOPING
This device uses a photodiode to . . .

(a) indicate the required black and white developing time
(b) assess contrast on the negative, enabling suitable paper grade selection

FOR
the amateur photographer who processes his own films

and prints, the rapidly rising cost of photographic paper is
a matter of serious concern, as is the pressure on one's time
in our increasingly hectic life style. This article describes an
exposure meter which enables the rapid and accurate
assessment of printing times for black and white negatives
and which will soon pay for itself in terms of saved time and
bromide paper. The instrument was designed for the
maximum possible convenience in use, together with a level
of accuracy more than adequate for all black and white
printing.

The meter consists of a light sensor, which is a small area
high speed photodiode, an adjuster for paper speed, which
may be a potentiometer or switch, a digital display, and an
on/off switch. In use, the light sensor is used to find the area
of maximum brightness on the enlarger baseboard, which of
course corresponds to the darkest part of the print itself. This
area gives a reading on the display, of the exposure time
required for the print, directly in seconds. The meter itself is
linear from one to more than five hundred seconds, which is
way beyond the linearity of any photographic emulsion due
to reciprocity failure. The inclusion of the third digit in the
display, however, enables a second valuable measurement
to be made very rapidly indeed, and that is the direct
assessment of contrast range of the negative and hence
the correct choice of paper grade for the enlargement.

Before describing the circuit and its method of operation,
it will be useful to review what we require the instrument to
do in a photo -physical sense. The exposure time required for
a piece of bromide paper depends only on the intensity and
wavelength of light falling on it. The distribution of
wavelengths is dependent on the light source and, for the
usual tungsten enlarger lamp, is both biased towards the red
end of the spectrum and strongly dependent on fil?ment
temperature. The latter varies significantly with applied
voltage and can be a considerable problem in colour printing.
Fortunately, as far as black and white printing is concerned,
mains voltage variation does not cause a real problem, even
with completely unstabilised lamp supplies. Thus, as far as
assessing exposure times is concerned, the only variable of
interest is light intensity at the enlarger baseboard, and the

fundamental relationship is that exposure time is inversely
proportional to light intensity. In mathematical terms we can
write:

(a)
L.

Where t is exposure time, L is light intensity, and K is a
constant which takes account of the paper sensitivity and
the spectral distribution of light from the enlarger lamp. We
see then that an enlarger photometer is required to accept
light intensity as an input variable, and output exposure time
as the indicated parameter.

CIRCUIT DESCRIPTION
The basic operation of the instrument can most easily be

understood by reference to the block diagram, Fig. 1(a). The
light intensity at the enlarger baseboard is converted to a
proportional photo -current by a reverse biased high speed
silicon photodiode. This device offers a high degree of
linearity of current with light intensity. The minute photo -
current is converted to a proportional voltage by an op -amp
connected as a current to voltage converter. The output of
this stage is fed into an active low pass filter to remove the
considerable 100Hz signal (due to alternate heating and
cooling of the lamp filament twice during each mains cycle).
The d.c. signal at the output of the low pass filter is passed
to a voltage to frequency converter whose output frequency
is proportional to the light intensity.

It is required to derive a signal which is inversely
proportional to light intensity, and this is the period of the
voltage to frequency output oscillation. This stage is

therefore used to gate the output of a master clock
generator (running at constant frequency) into the input of a
digital counter/display module. Thus, as light intensity
increases the time for which the gate is open is decreased,
and the resulting number of clock pulses getting through to
the counter is proportional to the exposure time required.
Variable control of the master clock frequency establishes
the constant of proportionality in equation (a), and this is
brought out to the front panel of the instrument as the paper
speed setting. Apart from the on/off switch, this is the only
control requiring adjustment after initial setting up.
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Fig. llal. Block diagram of Exposure Meter

Detailed operation of the circuit, shown by Fig 2, is best
understood with reference to the timing diagrams of Fig. 3.
IC1 is connected as an inverting amplifier and acts as a
current to voltage converter in this application because the
effective source resistance of the photodiode is many orders
of magnitude greater than the input resistor R 1 . This
resistor, which could be left out completely, serves to limit
the input currents to IC1 in case of catastrophic failure of the
photodiode. IC1 is one of the recently introduced BIMOS
operational amplifiers and is used here because of the need
for extremely low input bias current.

FILTER
The negative going signal at the output of ICI consists of

a d.c. level and a superimposed 100Hz sinewave. Although
both the a.c. and d.c. components are proportional to light
intensity, the d.c. signal is substantially larger than the a.c.,
and therefore using this reduces errors. The a.c. component
is filtered out by the two -pole active filter formed by IC2, and
R3, R4, R5, R6, C2 and C3. The CA3140 op -amp is used
again in this stage because the very low input bias current
permits the use of high value input resistors and hence
relatively small capacitors, without the disadvantage of a
large d.c. offset.

The negative d.c. level at the output of IC2 is applied to
the inverting integrator IC3, R7, C4. Discharge of the in-
tegrator capacitor is accomplished by the transmission gate
IC5(b), while IC5(a) shorts the input of IC3 to ground. The
CA3140 is extremely valuable in this integrator because it
permits a small integrator capacitor and large integrator
resistor, which allows simple resetting of the integrator..

The output waveform of the integrator is shown in Fig.
3(a). It consists of a positive going linear ramp and an ex-
ponential discharge. The integrator output is applied to a
fourth CA3140 operating open loop as a comparator. The
reference voltage for the comparator is obtained from a sim-
ple Zener stabiliser, but the exact arrangement of earth
return and positive supply is of crucial importance, and will
be referred to in the constructional information. The use of
the CA3140 in the comparator position is mainly due to its
rapid slew rate, being approximately an order of magnitude
faster than the standard 741.

The output of the comparator is a series of positive going
pulses shown in Fig. 3(b). The pulses are applied to the input
of the monostable multivibrator IC6(b) and IC6(c), via the
NAND gate IC6(a). The NAND gate IC6(a) serves two pur-
poses. Firstly it inverts and sharpens up the comparator
pulses to the correct waveform for firing the monostable,
and secondly it provides the vital power up reset pulse from
R10, C5. The output of the monostable is inverted by IC6(d)
thus giving two complementary pulses in response to the
comparator pulse.

The positive going pulse at the output of IC6(d) is applied
directly to the control inputs of IC5(a) and (b) where the high
logic level opens the transmission gates and thus resets the
integrator. The output of IC6(d) is further applied to the input
of IC7(a) which is half of a CD4098 dual monostable mul-
tivibrator. The monostable is triggered by the rising edge of
the reset pulse and complementary outputs are available at
its Q and output pins. The positive going pulse at pin 7 (Q.)
is used to trigger the other monostable IC7(b) and also direc-
tly as the "transfer" pulse for the count display i.c. The out-
put from IC7(b) is this time taken from the Q output since
the counter display requires a negative going pulse to clear
it.

The negative going pulse at the output of IC6(c) is used to
inhibit the counter by closing the transmission gate IC5(c)
during the reset period. The sequence of operation can be
readily understood with the help of Fig. 3. Whilst the in-
tegrator is running up, clock pulses from the NE555V master
clock generator are allowed through the transmission gate
IC5(c) to the count input of the ZN1040E. When the com-
parator fires at the end of the integration period the count is
disabled by the negative going pulse from IC6(c). One
propagation delay later the main reset pulse at IC6(d) resets
the integrator. During the reset period the transfer and clear
pulses are generated sequentially. The transfer pulse causes
the total count during the integration period to be latched by
the display, and the clear pulse resets the counter to zero. It
is important therefore that both transfer and reset are over
before the next count is enabled. Fortunately the ZN1040E
can respond to very short duration pulses which can easily
be made to fit within the reset period without the need for
precision components in the dual monostable circuit. The
length of the reset period is not critical in any case, since the
master clock is gated into the counter input.
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Fig. 3. Correct waveforms for the various signals generated POWER -UP RESET
+3V The only remaining parts of the circuit calling for some

comment are the requirement for the power -up reset pulse

INTOPT
and the use of the ZN1040E counter display i.c. The power -
up reset pulse is essential because the integrator reset pulse

ov is generated from a monostable. Thus, at start up, when
+5V power is first applied, if the comparator went to its high state

before the reset monostable was enabled there would be no
161 DOPT means of resetting the integrator. The simple RC network

ov
R10, C5 supplies a once only reset pulse approximately

+5V 50ms after switch -on, thus ensuring the integrator is reset.
1c1RST INT The ZN1040E is a recent addition to the designer's ar-

o v moury and a most valuable one. Its single package counts,
latches, display -decodes and drives 7 segment displays

+5V
together with full leading zero suppression and many other

Id) ENCNT valuable features. The chip is capable of driving common
0 anode or common cathode displays, and the circuit of Fig. 2

is shown wired for a common anode display. This configura-
lel TRANSFER tion uses fewer resistors and transistors for interfacing, but

ov the internal multiplex clock must be slowed down by exter-
nal capacitor C11 in order to eliminate ghosting in the dis-

+ 5V play segments (caused by the finite turn off time of the p.n.p.
((I CLEAR anode access transistors). Constructors wishing to use corn-

OV. mon cathode displays should refer to Fig. 4 which gives the
+5V- necessary connection information. The use of the three most

IgI CNT significant digits of the four digit counter is a simple but ef-
OV fective way of reducing jitter in the final display.
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CONSTRUCTION
The prototype exposure meter was conceived as a hand

held spot -measurement instrument which could be moved
about over the enlarger baseboard, and display its
information continuously at the baseboard itself, rather than
a static metering unit with a probe at the end of a

connecting cable. Thus there is the necessity that the meter
should be both battery powered and small. The author
experimented with the recently introduced "Verowire" wire
wrapping system in an attempt to obtain the advantages of
double -sided wiring, rather than designing a double -sided
p.c.b.

The Verowire system proved a' reasonable solution
although a number of disadvantages became apparent. In
particular, debugging the complete circuit proved to be
much more difficult than with a conventional wiring method.
The author would suggest that the use of standard 0.1 in.
Veroboard would be a wiser solution for the less
experienced.

From the point of view of electronic construction and
wiring, perhaps the most important single point is the need
to use separate earth returns and positive supply lines for
various parts of the circuit. This practice is an essential part
of many professional instrument designs.

DECOUPLING
In a hybrid analogue and digital circuit, two major

practical problems concerned with power supplies and their
interactions are apparent. Digital integrated circuits change
state so rapidly that the rising and falling edges of the
transitions generate considerable switching spikes. In an
undecoupled circuit the transients can cause sufficient
amplitude supply line interference to cause unwanted or
false switching of other circuits, but simple capacitative
decoupling by the use of 10 to 100nF ceramic or polyester
capacitors disposes of this problem. This measure may be
insufficient, however, to eliminate problems in an analogue
circuit using the same power supply, because by definition
an analogue signal processing circuit should be capable of
handling all signal levels with minimum distortion.

A second difficulty arises if the analogue circuit is used to
process signals down to d.c., because now the possibility
exists of the digital circuitry introducing d.c. offsets caused
by the voltage drop of current flowing through the copper

1 An

13

PIN No.13
NOT NOW 11

CONNECTED
TO DIGITAL

GND.

17

16

1 Skit B C 4 78

BC478
1 8 811

+4 7 V

interconnecting wire. This problem is especially serious if
TTL logic is used because of the high current switching
"gulps" associated with it, and for the same reason,
whenever I.e.d. displays are used. These two reasons dictate
that separate analogue and digital power rails should be
used. There still remains the problem of referring one power
supply to another. The simple guideline here is that no digital
current should be permitted to flow in the analogue circuitry,
and this is most simply achieved by connecting the two
power supplies together at a single point and running
separate analogue and digital ground wires to this point. In
the present design two separate digital ground wires were
used. One was used for the ZN104E and the second for all
other logic circuitry. This is because by far the greatest
current drain is taken by this i.c. and I.e.d. displays whose
current flows through it.

In the present design the most critical part of the entire
circuit is the comparator of the analogue to digital converter,
because it is required to compare the output of the
integrator with a stable reference potential. The method
adopted here illustrates the problem of obtaining a stable
potential from the analogue power supply. The use of a
battery supply means that a simple potential divider is
unsatisfactory because the internal resistance of the battery
causes potential shifts on the supply rail as the current
demand of the circuit alters. A simple Zener stabiliser
removes both of these problems providing a stable ground
reference potential is available. Here the only problem is in
the voltage drop caused by the analogue current flowing in
the copper conductor wire or strip of the analogue circuit
return line. This too will be changing at each instant of time.
The solution is to run a separate earth return wire from
the ground end of the Zener diode (anode in this circuit) to
the battery connection at the board. With these precautions
the simple Zener stabiliser has adequate performance
without the need for temperature compensation or a

constant current source. Refer to Fig. 1(b) for details of the
power line arrangement.

DEBUGGING AND SETTING UP
An oscilloscope is most useful but is not essential. Start

by making the display circuitry operate in conjunction with
the master clock. It will be helpful to slow down the clock

Fig. 4. Alternative wiring for common cathode displays
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I
Table 1. CONTROL FUNCTIONS OF THE ZN 1040E

LOGIC LEVEL TO
FUNCTION PIN NO OPERATE EFFECT
Lamp Test 2 0 Displays 888
Digit Select Sense 13 0 For common anode

displays.
1 For common cathode

displays.
Clear 20 0 Clears counter
Up/down Select 21 1 Count up
Count Input 22 0-4 I Increments counter
Count Inhibit 23 0 Inhibits counter
Transfer 24 0 Latches display.

1 Transfers current
contents of counter

COMPONENTS LIST . . .

Resistors
R1

R2
R3, R4
R5, R8
R6
R7
R9
R10
R11
R12-R16
R17-R23
R24-R26
R27, R28
"R17-R23

10012
10MS2
220kf2 (2 off)
10k12 (2 off)
221(12

56kS2
12k12
470k12
3.9kf2
1K (5 off)
47012 or 15052* (7 off)
2700 (3 off)
6.80 (2 off)

select 15012-47012 depending on display
colour/brightness desired. R2 see text.

Potentiometers
VR1-VR3
VR4

Capacitors
Cl
C2, C3
C4
C5, C12
C6, C10
C7, C8
C9
C11, C13

10kS2 Skeleton preset (3 off)
22k11 Carbon linear

68pF Silver mica or polystyrene
220nF Ceramic (2 off)
47nF Ceramic
100nF Ceramic (2 off)
10nF Ceramic (2 off)
1 nF Ceramic (2 off)
lOnF Polystyrene
100nF Polystyrene (2 off)

Transistors and Diodes
TR1-TR3 BC478 )3 off)

Displays
X1-X3 Any common anode 7 segment led

display

Integrated Circuits
ICI-IC4 CA3140 (4 off)
IC5 CD4066
IC6 CD4011
IC7 CD4098 or MC14528
IC8 NE555
IC9 ZN1040E

Semiconductors
D1 BPW34
D2 BZY88 3V3
D3 BZY88 4V3
D4 BZY88 4V7

Miscellaneous
S1 3 pole toggle switch
Battery connectors
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generator to about 20 or 100Hz (by wiring a large capacitor
across C9) and applying it directly to the count input of the
ZN1040E. Refer to Table 1 to ensure that the count display
operates correctly in response to the transfer and clear
functions. Remember to establish a logic 1 condition by
using a 11d2 resistor between Vcc and the i.c. input.
Remember also that the counter will divide the master clock
frequency by 10 because only the three most significant
digits are used. Next, ensure that the chain of inverters and
monostables operates in the correct sequence. If an input
pulse generator is available, together with an oscilloscope,
things are easy, but the simple trick of slowing pulses down
by wiring large value capacitors temporarily in parallel with
the normal circuit values makes it possible to trace through
the circuit with nothing more than a multimeter. Establish
that a positive going pulse at pin 1 of IC6(a) fires the
monostable IC6(b), (c) and that complementary outputs are
available at pins 10 and 11 of this i.c. Check that the positive
going pulse at pin 11 of IC6(d) is responsible for initiating
the output of IC7(a) and that the negative going edge of
IC7(a) output fires IC7(b). In normal operations it is essential
that the transfer and clear pulses occur within the reset
width. This is impossible to verify without an oscilloscope,
but the circuit constants given allow a substantial margin for
component tolerances.

Next establish that the analogue to digital converter is
operating. Again it is possible to slow things down to
multimeter speeds by temporarily increasing the value of the
integrator capacitor C4. Short the input end of R7 to
analogue ground and apply a signal to IC3 via a resistor of
between 1M12 and 10M12 temporarily connected to pin 2 of
IC3. Disconnect the output of IC4 from the input to IC6(a).
Confirm that the integrator will ramp positively for a

negative input signal and negatively for a positive input.
With a negative input signal and positive ramp, check that
the comparator output at IC4 pin 6 changes state at about
3.3 volts. If all seems well, reconnect IC4 to IC6(a) when the
comparator transition should initiate resetting of the
integrator. The output spike of the comparator will be too
fast to observe with a multimeter but it is possible to
ascertain that the integrator resets and ramps at pin 6 of
IC3. When all is well remove the temporary input resistor
and large value integrator capacitor. With the input end of
R7 still grounded, adjust the d.c. offset potentiometer
associated with IC3 for the minimum rate of positive going
ramp. It should be possible to obtain a period of about 10
seconds between resetting of the integrator. Finally, remove
the short from the output of IC2.

The next stage to set up is the active low pass filter IC2. It
is not so easy to establish this stage is operating correctly
without an oscilloscope. The stage acts as a non -inverting
d.c. amplifier with a gain of about 1.5, for voltage inputs
applied directly to pin 3. If this can be established it is
probably safe to assume no wiring errors exist and that the
circuit is also operating as a filter. The offset potentiometer
is adjusted by grounding the input at pin 3 and adjusting for
the minimum rate of positive going ramp at the output of
IC3. If an oscilloscope is available the filter action is best
established in conjunction with IC1.

ICI operates as a straightforward current to voltage
converter. The output of IC1 will contain a significant a.c.
component of 100Hz if the photodiode has light from a
normal household tungsten bulb incident on it. This should
be absent at the output of IC2 if the latter stage is operating
correctly. The d.c. offset adjustment of IC1 should be set up
in an analogous manner to IC2 and IC3 (i.e. by adjusting for
minimum rate of ramp at IC3 output). For this stage it is
important to compensate for the dark current of the
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photodiode which must therefore be in circuit, but in total
darkness. This offset adjustment constitutes the final
electronic setting up with the possible exception of some
adjustment to R2 depending on the light source used in the
enlarger.

CALIBRATION AND PHOTOGRAPHIC USE
The method of calibration of the photometer is to adjust

the display readout to give the exposure required to obtain a
black level on the final print. Electronically this is
accomplished by adjusting the clock frequency using the
paper speed control, VR4, after ensuring that the
photometer is operating in a linear region of its first stage
amplifier for normal working light levels. It is necessary that
the calibration is carried out in conjunction with a carefully
prepared photographic test strip. The photometer is

Practical Electronics March 1979 39



sufficiently accurate and reproducible to make it feasible,
and worthwhile for the advanced worker, to make separate
test strips for each make, grade, and surface of paper
normally used.

Start the calibration by making a test strip with the
enlarger at an extension of about 800mm from the
baseboard, with the lens fully stopped down, and with
nothing in the negative carrier. Make a note of the settings
so that they can be exactly reproduced at a later date. This
will help if any modifications to the enlarger optical system
or radical changes in photographic methodology are
contemplated later on. Start using grade 2 (normal) paper.

Place a sheet or strip of paper on the baseboard and have
ready a piece of cardboard sufficiently large to cover the
entire piece of photographic paper. Switch on the enlarger
and begin exposing the paper. Cover up strips of the paper at
the following times (seconds): 2, 3, 4, 5, 6, 8, 10, 13, 16,
20, 25, 32, 40, 51, 64, 81, 102, 128, 161, 203, 256. This
sequence gives increases in exposure approximately
equivalent to one third of a stop. See Fig. 5.

Alternatively the sequence: 2, 3, 4, 6, 8, 11, 16, 23, 32,
45, 64, 91, 128, 181, 256, which gives increases equivalent
to half a stop may be used. Switch off the enlarger and
develop the test strips in the manner which will be used
for developing actual prints. Pay particular attention to
developing for a fixed time at a fixed, certainly known,
temperature, and for these test strips, which will be
reference items in the future, use freshly prepared developer.

FINISHED TEST STRIP
The resulting print should contain strips of grey each

distinguishable from the other with one or more strips
corresponding to pure white (i.e. indistinguishable from each
other and from the paper base), and one or more strips
corresponding to pure black and again indistinguishable
from one another. If this result is not obtained, repeat the
test strip until it is, by increasing or decreasing the light level
at the base board. Thus, even if with a two second exposure
some darkening of the paper is discernable, decrease the
light level by increasing the extension of the enlarger or by
inserting a neutral density filter in the light path. A piece of
wiremesh such as a tea or coffee strainer would be ideal for
this. Alternatively, if a difference between the two longest
exposures is seen, increase the light level at the baseboard
by opening the enlarger lens one or two stops. In any event
aim for a test strip which encompasses full white and full
black. Note that even for grade 1 glossy paper the range of
densities which can be seen is unlikely to be more than 40:1.
For non -glossy and harder papers this contrast range will be
significantly less, reducing to about 5:1 for grade 5 paper.
Mark on each distinguishable strip of density the actual
exposure time as this will be valuable later on for more
advanced work.

Consider the test strip made on grade 2 (normal) glossy
paper (see Fig. 6). In the examples shown the first
discernable strip occurs at 6 seconds whilst no further
increase in blackening occurs after 128 seconds. This effect
has taken place at a known enlarger extension (normally
800mm) and at a known aperture (say f22), which together
define the intensity of light falling on the baseboard. We now
require to adjust the photometer so that it indicates the
correct exposure time in seconds to get a black level on the
final print, and most importantly to ensure that it is working
within its linear region of operation.

Switch on the photometer and place it on the enlarger
baseboard. Monitor the output of, the low pass filter at IC2
pin 6 with a multimeter or DVM if available. The aim is to

adjust the resistor R2 so that with the maximum light which
will fall on the photodiode sensor in practice, the output of
IC2 is well below saturation, i.e. about 4 volts. A suitable
light level to aim for is that which would give complete
blackening of the paper in about 1 second. This light level is
unlikely to be exceeded under normal working conditions
because of the difficulty of timing the exposure manually or
of obtaining reproducible results from an electronic timer
due to thermal lag of the filament at such short exposures.

BLACK TIME
In the example of Fig. 6 complete blackening has occurred

at 128 seconds. In order to increase the light level so that
complete blackening would occur at 1 second, an increase
of light of seven stops is needed. Thus, if the test strip was
made at f22 we need to open the enlarging lens to f2. On
many enlarging lenses this is not possible because the
maximum aperture may be only f4. If this is the case either
change the enlarger -to -baseboard distance to 400mm
which will give four times (2 stops) more light intensity at
the baseboard, or more simply set up the photometer so that
the output at pin 6 of IC2 will be about 1 volt (i.e. about a of
4V). It should be found that the starting value of R2 given,
10M1 , is not too far out. See Fig. 7.

It is absolutely essential that during the selection of R2
only light from the enlarging lamp reaches the photodiode.

A normal darkroom safelight is completely useless for this
procedure because the photodiode specified has extended
red sensitivity and light from even a tiny safelight yards away
will be many times more than that coming from the enlarger.
If a DVM with I.e.d. display is used there will be no difficulty,
but if an analogue multimeter is used it means that the scale
must be read either by the light of the enlarger itself or by a
small torch which well screened from the
photodiode. Select R2 so that when the light intensity would
cause full blackening in 1 second, the output of IC2 pin 6 is
about 4 volts. This adjustment is in no way critical, but is
important to ensure that the amplifier is not saturating. A
value for R2 giving 50 per cent less output than suggested
will give perfectly good results.

When the value of R2 has been established the
photometer has been calibrated photometrically. The value
on the digital display should now be in the range of the
paper speed control. Return the enlarger to 800mm
extension and minimum aperture, and check that with all
other lights extinguished the photometer can be adjusted to
read 128 seconds. This reading is of course that value of
exposure which will give a black level on the final print.
Check the linearity of the photometer by opening up the
enlarging lens. The indicated exposure should halve for each
stop increase. Do not be too worried if there is not an exact
twofold change in reading because the photometer is likely
to be more accurate than the mechanical stop of the lens.

SIMPLE TO USE
Having calibrated the photometer, using it is simplicity

itself. Put a negative in the carrier and using the photometer,
select the area of maximum brightness. The indicated
reading will be the exposure required to give a true black
level for that area of the negative. This criterion is usually
met in practice, but false readings will occur if no black level
is present on the negative. An alternative means of using the
photometer is to set the paper speed control so that the
photometer indicates a correct flesh tone. To do this refer to
the calibration test strip for the correct exposure needed to
give the required flesh tone and set up the enlarger to the
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standard conditions used for making the test strip. Adjust
the paper speed control to give the required number and the
photometer is now calibrated in terms of standard flesh
tone.

PAPER GRADE
As stated at the beginning of the article the photometer

can be used to assess the correct grade of paper needed for
an enlargement. A brief indication only of this use will be
given since the interested photographer will find the
necessary information for himself. Suppose a negative has
areas corresponding to pure black and pure white. When this
is projected in the enlarger the photometer can be used
(without alteration of the paper speed control) to compare

directly the intensities corresponding to pure black and pure
white. For example, suppose the brightest part indicates an
exposure time (for maximum blackness) of 10 seconds, and
without altering the setting, the darkest part indicates an
exposure time of 80 seconds, then the contrast range is 8:1.
This contrast range of the negative must be fitted onto a
printing paper with the same contrast range in order for a full
black and a pure white to be apparent. In our example of Fig.
6 the paper had a contrast range of 128 : 6 = 21:1. Thus it
would be unsuitable for a negative whose range was only
8:1, because an exposure necessary to cause full blackening
of the paper would cause the whites to come up very grey. It
should now be apparent how the combination of test strips
and photometer can be used to select both the correct
exposure and the correct paper grade in conjunction.

News Briefs
MORE BUBBLES!

NATURE is full of bubbles! Just when magnetic bubbles are beginning
to make their mark on memory technology, another type of bubble

is discovered, made of light.
Last year, scientists at IBM's San Jose Research Laboratory dis-

covered that microscopically small sources of light in a particular class
of electroluminescent thin films can become mobile under certain condi-
tions.

..........

When a voltage oscillating at a high enough frequency is applied
across one of these thin films, tiny light -emitting filaments, each about
one micron (1/25,000 inch) in diameter, appear to pour out from
isolated points in the material and to swarm randomly about in it.

Discovery of the mobile filaments occurred during experiments
aimed at understanding the light -emitting properties of manganese -
doped zinc sulphide films. Non -mobile light properties of these films are
being investigated by a number of laboratories that are interested in in-
formation display technology.

Images can be formed in devices based on this material either by
stimulating areas of the film with a light beam or an electron beam, or
by applying an "addressing" voltage across the film to induce light
emission from selected areas of the material. An important feature of
these so-called ACTEL (alternating current thin-film elec-
troluminescence) devices is a "storage" effect that enables them to
retain an image for an extended length of time without the necessity of
periodically refreshing the screen, as is needed in cathode -ray -tube
storage displays.

In the IBM experiments, an AC voltage is applied to the film via sets

of crossed metallic lines about one millimeter wide, the horizontal lines
being deposited on one surface of the material and the vertical lines on
the opposite. When voltage is applied to a pair of intersecting elec-
trodes, the intersected area of film will emit light. Each such area en-
compasses some tens of thousands of individual light -emitting fila-
ments. It is these individual filaments that can become mobile.

As the frequency of the applied voltage reaches the neighbourhood
of 10,000 hertz, the threshold of filament mobility is achieved. Looking
at the light -emitting filaments through a microscope, one can see the
tiny spots of light moving in small, discrete steps from one location in
the material to another. On close examination, it appears that the il-
lumination is being transferred from one site to another through a
process in which the emission from a filament is extinguished at approx-
imately the same time as emission from another begins.

Raising the frequency of the applied voltage still further (to about
50,000Hz) causes the mobility of the light bubbles to increase as they
wander over relatively broad areas of the film. When one bubble ap-
proaches another, they repel each other. Isolated regions in which the
mobile bubbles are generated can be clearly seen in microscopic views
of the material, and at high frequencies, hundreds of the moving points
of light appear to pour out of these sources like water from a bubbling
spring.

The locations of the sources of mobile filaments are thought by the
researchers to be associated with microscopic defects in the
polycrystalline structure of the zinc sulphide films.

FIVE -STEP A TO D
ANEW five -step analogue level detector with a high impedance input

has been announced by Texas Instruments. The TL489 consists of
five comparators to digitise analogue input signals.

The five comparators and a reference voltage source detect the level
of an input signal. Output 1 is switched to a low logic level at a
typical input voltage of 200 millivolts. After each additional 200 -
millivolt step, the subsequent outputs are switched to low logic levels.
All outputs are switched to low logic levels at a typical input voltage of
1000 millivolts (full scale). The open -collector outputs are capable of
sinking currents up to 80 milliamperes and may be operated at voltages
up to 18 volts. The analogue input has a high impedance of 100
kilohms.

Since all five trigger points have a switching hysteresis of typically 10
millivolts, the circuit may be operated with slow input signals without
danger of oscillation at the outputs. To prevent pick-up of noise, a
capacitor should be connected between the high -impedance input and
ground, especially when the input is driven from a high -impedance
source.

The TL489 is especially designed to detect and indicate analogue
signal levels. The device may be used in various industrial, consumer,
and automotive applications. Power outputs are suitable for driving a
variety of display elements such as LEDs or filament lamps. The output
may also drive digital integrated logic such as TTL, CMOS, or other
high-level logic.

The TL489 in an 8 pin plastic DIP is characterized for operation
from 0°C to 70°C. Price in 100 -piece quantities is £0.45. The new
analogue level detector is available from TI authorised distributors and
from TI Bedford.
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VLSI Chat
The VLSI publicity bandwagon rolls on.

Inevitably the word "chip" is the one that
has caught on, sometimes qualified by
"silicon". Few people in the UK can have
missed hearing about it. Just as people now
identify the "pill" with birth control, so the
"chip" according to popular viewpoint
means disaster (six million unemployed) or
the dawn of an earthly paradise (unlimited
wealth and leisure).

Lay people are now convinced that
whatever the chip might be-few actually
understand what it is or what it is supposed
to be able to do-the one sure thing is that
we must have it. Why else would the
Government be backing it with first £50
million, then £100 million, now £200
million, tomorrow £500 million? Could it be
for votes?

Inmos
Inmos, meanwhile, struggles manfully

on, surrounded by unseemly squabbles on
siting of technical centres and plants.
Which development areas will get the
plants, each with a thousand workers? Will
prosperous Bristol have the technical cen-
tre? What's wrong with Newcastle? The
debate rumbles on with the odd touch of
hysteria, sudden swoops into farce,
occasional excursions into fantasy.

Endless speeches and lobbying, even
allocation of vast sums of money, are no
substitute for policy. Yet to be decided are
product lines and how they will be
marketed. On these important topics both
the National Enterprise Board and Inmos
are strangely silent. There could be good
reasons for remaining dumb. Commercial
security, for example. Industry experts,
however, remain sceptical that any
organisation largely influenced by political
considerations can be commercially suc-
cessful.

The Real World
Let us now turn away from speculation

and look at the real world and what real
people are doing in it.

First, Racal Electronics Group who
celebrated another successful half -year
report (profits up 25 per cent on 11 per
cent increase in turnover) with the announ-
cement of a £20 million export order, the
largest ever received in the Group's 28 -year
history. It is for a communications package
for an unspecified country in the Middle
East and takes in products from a number
of Racal companies.

I have often referred to Racal as "unstop-
pable". They continue so with unparalleled
vigour and determination to do even better.
Racal exports average out at £16,000 in
value per worker, a figure unmatched in the
UK by any other manufacturing company. It
does your heart good to talk to the direc-
tors, enthusiasts all, never harking back to
the "good old days", instead looking
forward to every new challenge ahead.

One such challenge is electronic warfare.
Expect to hear later this year about Jaguar.
Not an automobile but Racal's answer to
battlefield jamming. In Racal's book Jaguar
is the acronym for JAmming GUArded
Radio on which one of Racal's top design
teams has been engaged for the past two
years. It is a frequency -hopping field radio
which, because it is continuously changing
its frequency, is difficult to intercept, or jam
or get a bearing on.

Expect, too, to hear of more Racal ac-
quisitions both at home and overseas. Parts
of Decca and Plessey are still tipped as
passibles, indeed probable, acquisitions for
Racal in any industry rationalisation
programme.

Meantime data communications is one
of Racal's big growth areas in cash terms
with a projected £75 million turnover this
year. The business is world-wide and still
expanding fast. Racal's main manufacturing
bases and biggest single market are in the
USA where the Racal pay -roll has now
soared to 2,300 people.

Expansive Giant
The other front-runner is giant GEC, also

busy expanding in the UK and overseas.
The recent acquisition of the US company
A. B. Dick has opened the door for GEC's
entry into the profitable office equipment
market, the negotiations with Avery provide
an electronic weighing market if the deal
goes through, and the joint venture with
Fairchild will bring GEC into the major
league in VLSI with both technology and
marketing outlets.

The logic of all this activity is that apart
from GEC's considerable existing in-house
demands for microcircuits, both Avery and
A. B. Dick are potential big users. So
although office equipment and weighing
machines look odd areas to get into, there
is a direct connection with electronics and
particularly the "chip". The forecast that
GEC -Fairchild will be in production by
1980 was still firm at the time of writing
and the initial phase of 100 people is plan-
ned to expand to 1,000 at a rate which
will presumably be geared by market
demand.

Both GEC and Racal are already in the
microcircuit business, Racal at present only
in thick -film hybrids and designing their
own custom silicon i.c.s with processing by
outside contractors. It is probable that
Racal will set up diffusion facilities in the
near future. GEC has the Hirst Research
Centre for fabrication of exotic devices
(such as c.c.d.$) and has a first-class thick -
film hybrid plant at Marconi Space and
Defence Systems at Portsmouth. I can say
this with certainty, having recently visited
it.

Wall -to -Wall
You don't expect to find wall-to-wall car-

peting in a machine shop. Yet this is
precisely what I found in the tool room of
the Berg Electronics plant in Holland. Not
only wall-to-wall carpeting but also a profu-
sion of house -plants, many of them exotic
varieties. A settee, armchairs and a TV set,
though not present, would not have looked
out of place.

Berg make connectors and the piece
parts are of high precision demanding great
skill in tooling for the high speed presses
turning out millions of parts a day. The
restful atmosphere no doubt pays off in
quality of work. But wherever I went in the
plant there was light and air and, above all,
cleanliness. Even the plating shop was
completely free of noxious fumes and the
duckboards were dry. British firms please
copy.

Avionics
Avionics companies get a new boost

with plans for the Westland WG34 helicop-
ter replacement for the current Sea King.
Project definition contracts are already out
for communications, radar, anti-submarine
systems, data handling and flight control
systems. Among the British companies in-
volved are Marconi, Decca, Ferranti, Smiths
and Louis Newmark. The WG34 is essen-
tially a Royal Navy project but is expected
to be also produced collaboratively in
Europe, the Italians in particular having
expressed an interest.

EMI's new Searchwater radar has had its
first production delivery to the Royal Air
Force for the Nimrod Mk 2 maritime recon-
naissance aircraft.

Among avionics production units now
using MPUs is the fuel flowmeter system
designed by Marconi Avionics for use in the
Hawk jet trainer and light attack aircraft,
ordered for the RAF and for the Finnish and
Indonesian air forces.

TRSB
Finally, remember the row over the

proposed international microwave landing
system, that finally chosen being the US
Time -Reference Scanning Beam System
(TRSB) in preference to the British Doppler
System? Now, it looks as if TRSB is running
into trouble on costs, apart from the fact
that a full-scale working system has not yet
been demonstrated. There could still be a
chance of the British system re-emerging
as a world standard.
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(Hem Briefs)
by Mike Abbott

TV OR SCOPE

E XCELLENT for the engineer who likes to watch Magic Roundabout
while appearing to work, is the oscilloscope designed for video

monitoring applications, supplied by Gould Instruments Division to
meet an order from the BBC.

The oscilloscope is a modified brighter version of the Gould Advance
0S3300B with a BBC designed timebase module incorporating com-
prehensive video triggering facilities, which is being made by Gould
under a manufacturing licence agreement from the BBC.

The new timebase generator allows the oscilloscope to be used for
detailed line -by-line examination of 625 -line television waveforms or to
display a television picture. It accepts a standard level video signal,
which may contain "Sound -in -Sync" signals and provides six different
triggering modes: field 1, field 2, field 1 and 2 alternating, line repetitive,
single line selectable by front panel switches (with the line number
indicated on a 3 digit I.e.d. display) and line pairs in the range 16/329
to 22/335.

The triggering can be delayed continuously by up to 90its via a mul-
titurn potentiometer, which allows the signal to be examined in detail.

The displayed video signal may be clamped or not, as required. When
the unit is used to display a television picture, the triggering point selec-
ted may be observed as a "bright up line" on the picture, enabling the
waveforms to be rapidly related to the picture. The changeover from
waveform to picture is effected by a single front panel switch. The
modified timebase retains its normal triggering facilities, so that the
instrument may also be used as a general purpose single timebase
oscilloscope.

FIR FILTERS

THE CTD (Charge Transfer Device) is now a commonplace device,
which is at present, more frequently found performing the function

of delay line-the most obvious application. However, it is probably in
the field of application where the more interesting developments will
take place with "bucket brigade devices". Suggestions include
electronic "de -wow" and "de -flutter" circuits for tape replay systems,
and speech compression machines for the recording of books for the
blind.

The CTD has turned out to be very powerful in filter design, around
which has evolved a completely new technique giving more filter power
per square centimetre than any other.

An example of this is the Reticon R5602 CTD filter i.c. (claimed to
have been the first commercially available i.c. of its kind). Previously

the only monolithic transversal filters for analogue signal processors
were custom made large-scale integrated CCD's.

This transversal filter can do in one monolithic device the job of
several boards full of components. The first four products in the R5602
family include low-pass and bandpass filters, each in a narrow and
broadband version. The devices (also called Finite Impulse Response
filters), are made using a 64 stage split electrode type bucket -brigade
device architecture, utilising the fundamental metal -oxide -
semiconductor structure as a capacitor. They use a new differential
output sensing technique which offers such advantages as reduced
insertion loss in the passband, simpler external circuitry and
cancellation of common mode clock signals.

Reticon R5602: A family of 64 point Charge Transfer Device
(CTD) Transversal Filters using the split electrode
architecture. Pictured above is the narrow band low pass
filter.

There are several unique features. First, they can be programmed
(i.e. tuned), by simply varying the input clock frequency. Secondly, they
have linear phase with no added device complexity which is essential
when filtering waveforms where the information is contained in the
shape of the signal (e.g. in geophysical, biomedical and transducer
applications). Finally, the R5602 has a high transition, or roll -off, rate
from passband to stopband that is typically greater than 200
dB/octave. These are extremely high values when compared with those
of conventional multi -pole filters, and the sharp cut-off is particularly
useful in rejecting close -in signals near a desired signal.

Typical applications are in generating single-sideband signals, where
one sideband is rejected and the other passed, within very tight
tolerances, or in data -acquisition systems, between the transducer and
the analogue -to -digital converter, to band -limit the input signal without
distortion.

The R5602 family comes in a 16 pin dual -in -line package with a
usable sampling frequency range of 250Hz to 1MHz. Customised
filters are easily and inexpensively achieved with a simple mask change.

Further information from Andy Longford, Herbert Sigma Limited,
Spring Road, Letchworth, Herts.

COUNTDOWN

THE FOURTH Intel Fair is scheduled to take place on June 11,
1979, and will again be held at the Wembley Conference Centre.

There will be a series of seminars at elementary, intermediate and
advanced levels, and an exhibition in which Intel, their distributors and
customers will give demonstrations expected to reflect the state of the
microcomputer art.

Rotterdam is the venue of the Third International Symposium and .
Technical Exhibition of Electromagnetic Compatibility, and the date is
May 1-3, 1979. Organised by the Netherlands National Elec-
trotechnical Committee of the IEC in co-operation with the Federal
Institute of Technology, Zurich, the symposium will deal with the
problems of interaction of electromagnetic energy with electronic and
biological systems, and the immunity and compatibility of electronic
systems regarding the electromagnetic environment. A total of 120
interesting papers will be presented, covering such subjects as ignition
and gas discharge noise, and even the curious business of artificially
triggered lightning.

Fee reductions for members of co-operating organisations, early
registrants and students are envisaged. Contact: (Symposium) Dr T.
Dvorak on (01) 326-211. Ext. 2790. (Exhibition) Mr R. E. Gerritsen on
(070) 906-800.

Labex International '79 is an exhibition of laboratory diagnostic and
medical instrumentation, and will be taking place at the National Ex-
hibition Centre, Birmingham, during March 12-16. Details: 021-705
6707.

The same telephone number for details of Electronics '79; elec-
tronic components industry fair. This will take place November 20-23
at Olympia, London.
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THE FINAL part in this series of articles describes a
method of testing the system gradually. It also lists a few

maintenance tips for using the printer.

TESTING THE INTERFACE BOARD
Before connecting the interface board to the switched

supplies, check that the correct voltages are appearing on
the correct wires, and that the switching sequence is as
referred to in Part 2. Remember we have to pinch the 5V
supply from the microcomputer system. Switch on power
supplies and move the lever to the 5V only position. We can
now check the CMOS logic.

With the REED I/P open circuit (logic 1), the result of
switching on should be that the motor flip flop is reset. If the
REED I/P is shorted to OV, the result of switching on should
be that the motor flip flop is set. Shorting the PRINT com-
mand (PC) I/P to OV should also set the motor flip flop. If
that part of the circuit works correctly we can move on to
the pick up coil and amplifier. A sinewave oscillator set at
around 800Hz with an amplitude of 0.6V p.p. should be
connected to the pick-up coil input. This should be sufficient
to produce a rectangular train of pulses at normal logic levels
from the output of the 74C14 buffer. Remember that the cir-
cuit will not work if the MC14011 CP NAND gate is a B
series or buffered part, MC14011BCP.

This pulse train should now be clocking the MC14013CP
D Type flip flop. This can be checked by switching the REED
input between OV and open circuit. The Q output of the flip
flop should follow this switching. The return of the Q out -

40 COLUMN,
5 x 7 DOT MATRIX,

ELECTROSENSITIVE
FOIL PRINTER.

N

put to zero should fire Monostable 2 which resets the motor
flip flop. Monostable 1 should be triggered on the leading
edge of each clock pulse. Set the variable resistor connected
to Monostable 1 at mid -setting at this stage. The character
generator circuit can now be tested. Switch the power sup-
ply switch to the fully on position. If REED is shorted to OV,
and pick-up pulses of some kind are being supplied, the
character generator chip should be outputting the pulses re-
quired to print a question mark. This is because its data in-
puts should be held high by the pull up resistors on the I/P
CMOS buffers. See Fig. 3.1. Check the output pulses
carefully, for if transients are to cause any trouble, it is here
that their effect will become apparent. If any disturbance is
observed it may mean looking at wiring runs and, if not too
painful, circuit layout. Different character outputs can be ob-
tained at this stage by pulling different Data buffer inputs
low.

The electrode drivers can be checked at this time, for
although they are not yet connected, the output voltage will
be developed across the 10k collector resistors on the
BD1 89s.

To check the printer separately simply insert some
metallized paper and supply 24V to the motor contacts. The
print head should move back and forth and paper should
advance.

THE PRINTER AND INTERFACE
With the printer and interface connected together proceed

as follows:
With all data inputs at logic 1, briefly short PC to OV. The

printer should start operation printing successive lines of
question marks. The variable resistor connected to
Monostable 1 can now be adjusted to give the required Print
intensity.

If the printing is poor then investigate the current paths
for the electrode currents-is there any resistance there? If
the printing is erratic then there may be trouble caused by
noise. If a scope is available look at the character generator
outputs.
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Fig. 3.1. Character generator chip 0/P for all 1s I/Ps

THE COMPUTER TIE UP
Now we are ready to connect up to the Microcomputer

system. Firstly it is worth loading PRINT into the microcom-
puter system and stepping through it to see if the output
signals are being generated. It will be necessary to simulate
DATA REQUEST with a switch at this stage.

If PRINT is being used alone its exit instruction (RET)
should be changed to a HALT. Otherwise, on finishing, the
PRINT routine the processor will RETurn to some unknown
location and run amok.

"MICRO
PRINTER

MAINS

OFF

24v

Connect the printer system and switch on. As long as the
PC is at logic 1 nothing should run.

Fill an area of RAM, say 10 locations with a character
code, followed by an end of text character (FFH). Set HL
to the address of the first character and "GO" from the
beginning of PRINT.

The correct number of these characters should be printed,
then the system should stop, ready for the next line. Now try
inserting a carriage return (ODH) into the character string
and repeating the procedure. This time when the printer hits
carriage return it should stop printing until the next line,
where the rest of the characters should be printed. If these
tests work you should be able to write little test routines to
fill areas of memory with ASCII characters then print them
out.

Now the DUMP software can be loaded and run with
PRINT (remember to change PRINT's exit instruction back to
RET). It may be of interest to some constructors to step
through parts of DUMP to see the number conversions
taking place.

To save repeatedly loading the software it may be more
convenient to have it "blown" into programmable read only
memory. Although the software may have to be "re-
origined", and the RAM addresses changed to suit your own
microcomputer system.

MAINTENANCE
The prototype printer performed some fairly heavy test

runs without any trouble. The manufacturer states that its
useful life should be around 30 million lines. Below are listed
a few maintenance pointers.
(1) Don't operate the printer without paper or with paper

that cannot be advanced.
(2) After some time printing dust can accumulate in the

bottom of the printer. This should be brushed out
(gently).

(3) If the printer scanning speed slows down, the scanning
shaft should be lubricated with light machine oil.

That concludes this series of articles. I hope those of you
who build this system will find its many diverse aspects of
engineering as interesting as I did. Good luck.
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Home Comp tars
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WITHOUT any shadow of a doubt, the ultimate home
computer peripheral is a floppy disc system. "Floppy

discs" are thin flexible plastic discs coated with a magnetic
material and permanently sealed inside a square protective
envelope. The envelope has a central hole so that the disc
can engage the drive, and further holes and slots for the
read-write head and the sector marker holes. The disc in its
envelope is inserted edgewise into the drive, and the gate
closed. Now the fun begins' Loading a BASIC interpreter

A typical floppy disc

from cassette takes many minutes, from disc it takes
seconds. Finding a program or data file on tape is a tedious
one-way search -and -rewind business; with a disc system
you type the name and hey presto' it's in RAM already. Is
your program too big for your RAM? With a disc system you
can use overlays, so that only the currently active section of
your program is in RAM at any time. When the next section
is needed, it's loaded automatically in next to no time! Add
to the above attributes, all the traditional advantages of
magnetic storage media such as low cost, large capacity,
reliability and transportable software, and you can see why
the floppy disc reigns supreme in the home -computer -
peripheral heirarchy. To add a disc drive or two to your

The Extel 950 floppy disc system

PART TWO R.W. COLES
system, you will need a disc controller board, and these are

'widely available for S100 systems. The drives themselves
are electro-mechanical devices, and they come in two basic
sizes:

(1) Standard -Floppies,
and (2) Mini -Floppies.

Standard Floppy disc drive takes 8in diameter discs which
an each store over 200K bytes of data. A Mini -Floppy disc
rive takes 5+in diameter discs which can each store about

he FD -8 floppy disc system Available software includes a
IINI-DOS routine

8 K bytes of data. Variations on the theme allow double-
d nsity or double -sided recording, which increase the
c pacity still further so that it is unlikely that you will ever
f el cramped for space.

Cost, of course, is the big problem. Even though floppy
d sc systems are known as low cost storage devices in
c mparison with their "hard -disc" cousins from the big -
c mputer world, they still cost several hundred pounds per
d ive with the controller extra. With an S100 system you can
uOgrade gradually, starting with a single Mini -Floppy and
controller. Even this basic facility opens the door to powerfulseffectiveciiftware and a really home -computer system
w ich can be used as a practical, problem solving tool.

A complete floppy disc system for an 5100 computer
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The Micros Z80 system

SOFTWARE
A microprocessor, even when connected up to external

memory, a keyboard, a VDU and all the other necessary
hardware bits and pieces, is really very dumb indeed until
that extra "magic" ingredient, Software, is added. Without
the software, you can hit any key you like and all you'll get is
a sore finger. Press the reset button if you like, but alas, no
friendly message will be flashed upon the VDU inviting you
to communicate. Inside the microprocessor chip, the
program counter will be running, looking in vain for a set of
valid instructions which are not there.

Let's assume for a moment that we really do have a
machine in this condition. What is the minimum software
package that we need to help the system out of its misery?
Well, first we need a keyboard input routine which checks
for any keys pressed and loads the appropriate ASCII
character into an area of RAM we can designate as an input
buffer. Next we need a VDU driver routine which will take
the contents of an area of RAM designated as an output buf-
fer and send it in ASCII to the VDU hardware. So far so
good. We can now type on the keyboard and see the result
on the screen, but we still have a long way to go. To permit
the microprocessor to do different things, in response to
typed in commands, we need a command interpreter which
will examine ASCII strings for a match with one of a set of
commands it has been programmed to recognise. Useful
commands might be:

1) ENTER ADDRESS
2) ENTER DATA (and increment address)
3) DISPLAY DATA (and increment address)
4) SET PROGRAM COUNTER
5) RUN PROGRAM
6) LOAD PROGRAM FROM TAPE
7) SAVE PROGRAM ON TAPE

This command interpreter could be designed to recognise a
number, a single letter, or a complete string of characters for
each command, depending on how sophisticated we wanted
to make it. An important consideration is that we should be
able to add extra commands at a later date should we so
wish. Of course, commands like ENTER ADDRESS would be
preceded or followed by a number, and these numbers will
have to conform to a convention. A common format would
be a four digit hexadecimal number for an address, but we
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could use 16 bit binary, six digit octal or even five digit
decimal numbers. It's up to us, but whatever number system
we choose, we have to provide a routine to convert the
ASCII characters from the keyboard (which occupy one byte
per digit) into the packed binary which the microprocessor
chip itself can deal with.

We could add all sorts of other bits and pieces, but let's
stop there. The software package we have created is called a
Monitor, and regardless of what other fancy software can be
added, every system needs a monitor of some sort to get it
started. Monitors are usually kept in ROM or PROM form, for
obvious reasons, and it is this sort of software package that
you have to rely on exclusively when you buy an "evaluation
card" system. Using the Monitor on either an evaluation
card or a home -computer, you can enter machine code
programs in hexadecimal and then examine, alter, and run
them. Unfortunately, writing machine code programs is a
tedious business. The process of looking up the hexadecimal
equivalents of MPU instructions such as ADD, LD A,B, OUT,
and then keying these into the system with not a word of ex-
planation for you to read when you come to examine the
program next week or next year, is enough to put off even
the keenest userI

We can escape from this tedium in one of three ways,
made possible by yet more system software in the form of:

(a) An Assembler package
(b) A high level language Interpreter package
(c) A high level language Compiler package

ASSEMBLERS
Machine code programming may be tedious, but it does

have the advantage of a hardware intimacy which high level
languages such as BASIC, lack. This intimacy makes

The MP -68 computer system is based upon the Motorola
6800 microprocessor
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machine code programming particularly valuable where the
objective is to write a program to interface with some quirky
piece of hardware, a printer say, or where it is vital that a
program be made as fast and as memory efficient as possi-
ble. To retain the advantages of machine code programming
while removing much of the drudgery, you can add an
Assembler to your system. An Assembler is a sizable
software package which allows programs to be entered, not
in hexadecimal, but as assembly language mnemonics, just
as they are printed in the microprocessor manual. This
means that the Z80 program sequence:

POP HL
LD A, H
R LCA

can be typed in just as you would write it down on your
program sheet and not in the hexadecimal equivalent form:

E1

7C
07

which is more compact, but meaningless when you try to
decipher it later. But this is only the start. Another problem
of machine code programs is the specification of jump ad -

The AIM65 from Rockwell uses a 6500 microprocessor and
includes both a 20 column printer and keyboard

dresses, for loops and subroutines for example, which has to
be done in the form of an absolute value. This is not too bad
until you need to insert one extra line into your program,
whereupon all the addresses after the new instruction are
changed, and redefining all the JSR and JMP destinations
can become a task of nightmarish proportions! To cure this
problem, assemblers allow the programmer to use named
addresses (called symbolic addresses) which are assigned
absolute values only when the input code is processed by
the assembler software. When typing in your input code
(called source code) in mnemonic form, you give each
destination a name, and when you want to go to the destina-
tion you simply type the jump instruction followed by the
name, like this:

FRED: LD A, C
LD C, A
JP FRED

When the assembler is entered (via the monitor) it makes a
first pass through your source code to build up a symbol
table which assigns each name an absolute address. On the
second pass (Most assemblers make two passes through the

source code) it substitutes the absolute address value from
its symbol table wherever a reference is made to it. To acid
extra instructions you can now type them into your source
code using a software package called an Editor, and then the
assembler can be run again to process the new instructions
and sort out the address changes.

INTERPRETERS
Even assembly language programming can be a drag for

some applications. Suppose you want to calculate your
chequebook balance, or plot a graph on the VDU, the last
thing you are going to want to worry about is the precise
way in which the system carries out the arithmetic and
controls the peripherals at its disposal. After all you don t
have to worry about the way the machine operates when
you use a scientific calculator-enter a number and press
the VT( key, and the answer is immediately displayed.
Within the confines of the calculator chip a lengthy machine
code program did the hard work, but we can be blissfully
unaware of its presence. A similar technique can be used
with home computers. With our Monitor program, discussed
earlier, we were allowed to type in commands such as
ENTER DATA which invoked lengthy machine code routines.

The SGS-ATES Euro card system is based upon the Z80
microprocessor

It is a fairly short step from this to the ability to enter whole
programs using English language statements which have the
effect of selecting machine code routines and stringing them
together in a way transparent to the user, via a sort of super
Command Interpreter. Home computer BASIC operates in
this way and allows programs to be written in a high level
form using selected English statements and a set of ASCII
punctuation characters with defined significance. The BASIC
language interpreter must reside in the system while
programs are entered or run, and this means that a sizable
memory is required to hold both the interpreter and the user
program. The amount of memory required varies depending
on the microprocessor used and the details of the particular
version of BASIC to be loaded. At one end of the scale is a
TINY BASIC for the 8080 which fits into only 2K bytes of
memory. At the other end is Zilog disc extended BASIC
which requires nearly 45K bytes! Between these extremes
lie other variations and permutations, and this means that
any intending home computer purchaser cannot simply say
"Well, it runs BASIC so it must be a powerful system."
BASICs differ in their available statements (Such as INPUT,
GOTO, PRINT,) in their available functions (Such as SIN,
EXP, SQR) and in their arithmetic precision. TINY BASIC is
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restricted to the use of integer numbers in the range
-32768 to +32767, while most BASICs of 8K bytes or
more can give at least an eight digit decimal arithmetic
precision and have a wide dynamic range due to the use of
scientific number rotation. The words to look for in the
specification are:

"Integer only" (Like TINY BASIC)
"Floating Point" (Full arithmetic capability)

BASIC DETAILS
BASIC is a problem orientated language rather than a

machine orientated language, and in theory BASIC programs
written for one machine should run just as well on any other.
In fact this is not strictly true because there are so many ver-
sions of BASIC around and these are not always compatible.
Nevertheless, you only need to learn BASIC once, any dif-
ferences between individual versions can be assimilated very
quickly when the need arises.

A program in BASIC consists of a list of numbered lines or
statements. For example:

5 REM *** CHEQUE BALANCE***
10 PRINT "ENTER OLD BALANCE"
20 INPUT B
30 PRINT "ENTER CHEQUE AMOUNT"
40 INPUT A
50 LET B=B-A
60 PRINT "NEW BALANCE IS" B
70 PRINT "ANY MORE CHEQUES?"
80 INPUT C $
90 IF C S="YES" THEN 30
100 END

Once a program has been typed in, it can be run by typing
RUN. Changes to the program can be made by retyping a
line or by inserting new lines between old lines, a process
made easier by the numbering of lines in increments of ten
to start with! A line can be erased by typing in its line num-
ber followed by RETURN.

If a statement is typed in without a line number, it is ex-
ecuted as soon as RETURN is pressed. This makes a BASIC
machine work like a calculator for simple arithmetic calcula-
tions, e.g. typing in

PRINT SQR 14.7 (RETURN)

results in the square root of 14.7 being displayed on the
VDU immediately. Another use of the immediate mode is in
programme debugging. If a line in your program is giving
trouble, entering the line without a line number will allow
immediate execution so that you can locate the problem
easily. Before a line of code is interpreted it is checked for
correct syntax. If you have made any mistakes, such as hav-
ing unbalanced pairs of brackets in an expression, an error
message will normally be displayed.

BASIC, then, is an ideal language for beginners (After all,
BASIC does stand for Beginners All Purpose Symbolic In-
struction Code!) but its capabilities should not be un-
derestimated. Many professional programs have been writ-
ten in BASIC, and you may progress a long way in the field
of computer science before feeling the need for something
better!

BASIC PROBLEMS
The problems of BASIC stem mainly from the fact that it

is an interpreted language. One problem is that the Inter-
preter program and the user program both have to be in
memory at the same time so that a lot of memory space is
needed. This problem is perhaps not so valid in these days of

cheap and plentiful semiconductor memory, as it used to be
in the days of expensive core stores. Perhaps the most
serious problem with BASIC, and with any other interpretive
language come to that, is its speed. The program is not
represented by a long list of ready to run machine code in-
structions in memory, but as a series of ASCII strings as they
were typed in. To carry out the operations intended by the
programmer, the Interpreter (A machine code program) has
to analyse each line and then call other machine code
routines to do the necessary donkey work. As you can im-
agine therefore, the BASIC language is several times slower
in operation than some alternative techniques, particularly
assembly language for example, where the mnemonic
strings typed by the programmer are converted into a

machine language program before the program is run. For-
tunately, the speed of BASIC is not a limiting factor for most
home computer applications, and its ease of use more than
makes up for its shortcomings in the speed department!

COMPILERS
A Compiler is a high level language software package

which is used in a similar way to the Assembler package
mentioned earlier. Unlike an Interpreter, the Compiler
software does not have to be available in the system at run

The SOL terminal computer from Processor Technology is
an 5100 compatible system using the 8080 microprocessor
time, rather it is used to process the high level language
statements in the source program to produce a new machine
code version of the program which can then be run by itself.
A typical compiled high level language is FORTRAN (FOR-
mula TRANslator) which is widely used for scientific applica-
tions. Programming in FORTRAN goes like this:

First, the high level program statements are typed into the
system. These statements look somewhat similar to their
BASIC counterparts.
Next, the Compiler software analyses the user program
and produces an equivalent machine code program called
the object program.
Finally, the object code can be loaded into memory and
executed, whenever it is required.

This is the same sort of sequence as is used with an Assem-
bler, except that in the assembly language case the source
program starts out in mnemonic code and the machine code
object program has a one for one relationship in terms of
numbers of instructions. Compilers are a lot more
sophisticated than Assemblers because they are able to con-
vert compact high level language statements into much
longer object code routines which do not of course have a
one to one relationship with the source program.
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DEBUG
Debugging compiled programs is more difficult than is the

case with an interpretive language like BASIC. Every time a
bug is found, the source program has to be modified and the
Compiler re -run before the effect of the change can be tried
out. For this reason it is better to cut your programming
teeth on BASIC rather than FORTRAN1

The advantages of a compiled language are not hard to
find:

1) Because the Compiler need not be resident in the system
at run time, memory space is used more efficiently.

2) Because no analysis is done at run time, compiled
languages usually operate several times faster than inter-
preted languages.

3) The object code is all that has to be supplied to a second
user of the program. This makes valuable programs more
secure.

OTHER LANGUAGES
Of course, FORTRAN is not the only language that is com-

piled, and although it is in widespread use elsewhere, it is
probably not going to become very popular on home com-
puter systems, where BASIC still reigns supreme. You can
even get hold of a BASIC compiler, but this is aimed more at

The Horizon microcomputer has dual mini floppy drives and
is available with a Disc Operating system

the industrial software market than the home -computer
scene. A more recent and useful language for home -
computer systems is PASCAL which actually uses inter-
preter and compiler techniques to produce the final object
code. With PASCAL the Compiler turns source statements
into a special low level code called P -code, the P -code is
then run interpretively on the host machine. The Interpreter
required in, this case is quite small, but it does have to be
resident at run time, unlike the PASCAL compiler. The ad-
vantage of this technique is that the Compiler itself does not
have to be rewritten for every new microprocessor chip or
main-frame, only the small interpreter need be different in
each case. This means that programs written in PASCAL can
be run on any other machine with a P -code interpreter
without the need for re -compilation. Apart from its
operational advantages, PASCAL is also hailed by some
computer scientists as a great step forward because it en-
courages better, "Structured", programming in the users.
Some home computer systems are already using PASCAL,
and we may see more of it in the future.

DISC SOFTWARE
Once a floppy disc system has been added to a home

computer system many enhanced software features are
possible. Assemblers, Interpreters and Compilers can cer-
tainly be disc based, but perhaps the most powerful feature
available to the lucky disc user is a software package known

as a Disc Operating System or DOS for short. A DOS is a

sort of super disc based monitor with a menu of powerful
commands such as COPY (discIMOVE (file) DUMP (file to an
output device) SET (baud rate etc.) and many others which
can be invoked by name from the keyboard. Each of these
powerful commands is stored on the disc as a ready -to -run
program. Typing in the command name is sufficient to load
the command program from disc and set it running. A ROM
resident monitor or operating system which featured all
these commands would be much too large and therefore im-
practical.

The best example of a home computer DOS is probably
.CP/M from Digital Research which runs on 8080 or Z80
systems and features an Assembler, Editor, and hexadecimal
Debug package as standard, with lots of other bolt -on -
goodies also available from the same source.

The aim of this whistle-stop tour around home computer
hardware and software has been to provide all P.E. readers
with a basic grounding in home computer terminology and
practice. Home computers are not a passing fad, they are
here to stay, so why not go along to your local computer
store and try one out? One word of warning though, if you
get bitten by the programming bug, you may never be the
same again.

An internal view of the Horizon

CHECK -LIST
Before rushing out to buy a home -computer system,

remember that it is a big investment. The following
check -list may help in the evaluation of any particular
system on offer.

(1) Does it feature a high level language?
(2) Is the language a "tiny" language (suitable for

games but not maths) or is it a "standard" or
"extended" language (suitable for most
purposes; but examine available statements and
arithmetic precision).

(3) Does the system come complete with ACSII
keyboard and VDU display or TV modulator?

(4) How many characters can the VDU display at
once, and can it handle graphics or colour?

(5) How much RAM has it, and is this easily
expandable?

(6) Has it got software in ROM or must it be loaded
into RAM? (In which case, more RAM is needed.)

(7) Is it well supported by commercial software?
(Interpreters, assemblers, maths packages,
business programs, games, etc.).

(8) Can you expand it by adding: A printer, extra
cassette unit, floppy discs, homebrew hardware,
etc?

(9) Is it well made and built to last?
(10) Is a service network available?
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From Science of Cambridge: the new MK 14.
Simplest,most advanced,most flexible

microcomputer -in kit form.

PROM -512 bytes
RAM -256 bytes

Extra RAM
(optional)

4.41MHz crystal

8 -digit, 7 -segment
LED display

MK 19 including
optional RAM I/O
and Extra RAM.

The MK 14 is a complete microcomputer with a
keyboard, a display, 8 x 512 -byte pre-
programmed PROMs, and a 256 -byte RAM
programmable through the keyboard.

As s,uch the MK 14 can handle dozens of
user -written programs through the hexadecimal
keyboard.

Yet in kit form, the MK 14 costs only £39.95
(+L3.20 VAT, and p&p).

More memory-and peripherals!
Optional extras include:
1. Extra RAM -256 bytes.
2. 16 -line RAM I/O device (allowed for on the

PCB) giving further 128 bytes of RAM.
3. Low-cost cassette interface module -which

means you can use ordinary tape cassettes/
recorder for storage of data and programs.

4. Revised monitor, to get the most from the
cassette interface module. It consists of 2
replacement PROMs, pre-programmed with
sub -routines for the interface, offset
calculations and single step, and single -
operation data entry.

5. PROM programmer and blank PROMs toset
up your own pre-programmed dedicated

 applications.
All are available now to owners of MK 14.

A valuable tool-and a training aid
As a computer, it handles operations of all

types -from complex games to digital alarm
clock functioning, from basic maths to a pulse
delay chain. Programs are in the Manual,
together with instructions for creating your own
genuinely valuable programs. And, of course,
it's a superb education and training aid -
providing an ideal introduction to computer
technology.

CPU

Display and keyboard
interface circuitry.

Edge connector for
external keyboard with
up to 32 keys

SPECIFICATIONS
*Hexadecimal keyboard  8 -digit, 7 -segment
LED display* 8 x 512 PROM, containing
monitor program and interface instructions
*256 bytes of RAM  4 MHz crystals 5 V
regulators Single 8 V power supply* Space
available for extra 256 -byte RAM and 16 port
I/O * Edge connector access to all data lines
and I/O ports

Free Manual
Every MK 14 kit includes a Manual which deals
with procedures from soldering techniques to
interfacing with complex external equipment.
It includes 20 sample programs including math
routines (square root, etc), digital alarm clock,
single-step, music box, mastermind and moon
landing games, self -replication, general
purpose sequencing, etc.

5 V regulator

Power rails and
input/otitput edge connector

RAM I/O device
(optional)

PROM -
512 bytes

RAM -256 bytes

Extra RAM
(optional)

Designed for fast, easy assembly
The MK 14 can be assembled by anyone with a
fine -tip soldering iron and a few hours' spare
time, using the illustrated step-by-step
instructions provided.

How to get your MK 14
Getting your MK 14 kit is easy. Just fill in the
coupon below, and post it to us today, with a
cheque or PO made payable to Science of
Cambridge. And, of course, it comes to you with
a comprehensive guarantee. If for any reason,
you're not completely satisfied with your MK 14,
return it to us within 14 days for a full cash
refund.

Science of Cambridge Ltd,
6 Kings Parade, Cambridge, Cambs., CB21SN.
Telephone: Cambridge (0223) 311488

To: Science of Cambridge Ltd, 6 Kings Parade, Cambridge, Cambs., CB21SN.
Please send me the following, plus details of other peripherals:

 MK 14 Standard Microcomptiter Kit a £43.55 (inc 40p p&p.)
 Extra RAM a £3.88 (inc p&p.)
 RAM I/0 device a £8.42 (inc p&p.)

I enclose cheque/money order/PO forL (indicate total amount

Name

Address (please print)

LP"
Allow 21 days fordellvery.

Science of
Cambridge]
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SUPERSOUND
AMPLIFIER

0

i

8-15 ohm
Sensiovity
tested. with
Overall size
PRICE £16.00

13 HI -Fl MONO

A superb solid state audio amp-
lifter Brand new components

..i
throughout 5 silicon tran-

- !lilt sistors plus 2 power
ili

IIIIiii
output transistors in

z; 1 push-pull Full waveIII. V - rectification. Output
approx 13 watts r.m.s

'41A into 8 ohms. Frequency
.'.41111 ... response 12Hz 30KHz

r. 3db Fully integrated
pre -amplifier stage with sap-

arate Volume Bass boost and
Treble col controls. Suitable for

speakers Input tor ceramic or crystal 'cartridge
approx 40mV for full output. Supplied ready built and

knobs, escutcheon panel. input and output plugs
3tn high i- 6n wide . 7i.in deep. AC 200,250V

P. & P. £1 .20.

MAINS
AM/FM

control
finish
air

Limited
10/14
A
from
and

OPERATED
STEREO TUNER

Max o p Voltage 60OrnV
cabinet Will match almost

high 9tirt deep approx

number only at £28

WATT HI -Fl
stylishly finished monaural amplifier

2 EL84s in push-pull. Super
speech, with negligible hum.

SOLID STATE

200 240V Mains operated
Solid State F M A M Stereo
Tuner Covering M W A M
540-1605KHz VHF F M
89-108MHz
Built-in Ferrite rod aerial for
M W Full AFC and AGC on
A.M.and F M Stereo Beacon
amps I Built in Pe
amps with variable output
voltage adjustable by pre-set

R M.S into 20K Simulated Teak
any amplifier Size 8,in wide

00 - £1 50 P & P

AMPLIFIER KIT
with an output of 14 watts

reproduction of both music
Separate inputs for mike and

HARVERSONIC SUPERSOUND
10 + 10 STEREO AMPLIFIER KIT
A really first-class Hi-Fi Stereo Amplifier Kit Uses 14 transistors
including Silicon Transistors in the first five stages on each
channel resulting in even lower noise level with improved
sensitivity Integral pre -amp with Bass. Treble and two Volume
controls Suitable for use with Ceramic or Crystal cartridges Very
simple to modify to suit magnetic cartridge -instructions included
Output stage for any speakers from 8 to 15 ohms. Compact design,
all parts supplied including drilled metalwork, high quality ready
drilled printed circuit board with component identification clearly
marked. smart brushed anodised aluminium front panel with
matching knobs. wire, solder, nuts. bolts -no extras to buy
Simple step by step instructions enable any constructor to build an
amplifier to be proud of Brief specification. Power output 14 watts
R M S per channel into 5 ohms Frequency response ,30B
17-30,000Hz Sensittvity better than 8OrnV into 1 Mn Full power
bandwidth -L.-3dB 12-15,000Hz Bass boost approx to , 12dB
Treble cut approx to - 16dB Negative feedback 1808 over main
amp. Power requirements 35V at 1A.
Overall size t2in wide x Bin deep x 24in high.
Fully detailed 7 page construction manual and parts list free with
kit or send 25p plus large S A E
AMPLIFIER KIT £14.50 P. & P. 80p
(Magnetic input components 33p extra)
POWER PACK KIT £6.00 P & P 95p
CABINET £13.00 P & P 95p
SPECIAL OFFER -only £2500 Hall 3 items
ordered at one time plus £1.25 P. & P.

Full after sales service
Also available ready built and tested 01-25 P 8 P Ft 50

HARVERSONIC MODEL P.A.
TWO ZERO
An advanced solid state general
purpose mono ampltfier suitable
for Public Address system. Disco.
Guitar. Gram Features 3

gram allow records and announcements to follow each other.
Fully shrouded section wound output transformer to match
3-150 speaker and 2 independent volume controls, and separate
bass and treble controls are provided giving good lift and cut.
Valve line-up. 2 EL84s, ECC83, EF86 and EZ80 rectifier. Simple
instruction booklet 25p + S.A.E. (Free with parts). All parts sold
separately. ONLY £15.50 P. & P. El .4a Also available ready
built and tested £20.00 P. & P. E1.40.

etc
individually controlled inputs leach
input has a separate 2 stage pre -amp.). Input 1, 1 5mV into 47k.
Input 2, 1 5mV into 47k (suitable for use with mic. or guitar etc.).
Input 3, 200mV into 1 meg. suitable for gram. tuner, or tape etc.

STEREO MAGNETIC PRE -AMP Sens. 3mV in for 1 0OrnV out.
15 to 35V neg. earth. Equ. ± 1c18 from 201-1, to 20KHz. Input
impedance 47K. Size )tin x 24in x 51 -in H. £2.60 + 20p. P & P.

HARVERSONIC STEREO 44
A solid state stereo amplifier chassis. with an output of 3-4 watts
per channel into 8 ohm speakers Using the latest high technology
integrated circuit amplifiers with built in short term thermal
overload protection. All components including rectifier smoothing
capacitor. fuse. lone control. volume controls. 2 pin din speaker
sockets and 5 pin din tape rec play socket are mounted on the
Printed circuit panel Size approx 9,in ie 2itn .- lin max depth
Suppled brand new and tested. with knobs. brushed anodised
aluminium 2 way escutcheon Ito allow the amplifier to be mounted
horizontally or vertically) at only £1000 + 50p P & P. Mains
transformer with an output of 17V a.c. at 500mA can be
supplied at £2.00 + 40p P. & P. If required. Full connection details
supplied.

Full mixing hotlines with full range bass & treble controls All
inputs plug into standard jack sockets on front panel. Output
socket on rear of chassis for an 8 ohm or 16 ohm speaker
Output in excess of 20 watts R M S Very attractively finished
purpose built cabinet made from black vinyl covered steel, won a
brushed anodised aluminium front escutcheon For ac mains

Mullard LP1 1 59 RF-IF module 470 kHz f2.25 + P. & P. 20p. Full
specification and connection details supplied.
Pye VHF FM Tuner Head covering 88-108 MHz 10.7 MHz I.F.
output. 7-8V + earth. Supplied Pre -aligned, with full circuit
diagram with precision -geared F.M. gang and 323PF -1- 323PF
A.M. Tuning gang only £3.15 + P. & P. 35p.

operation 200.240 volts Size approx 12,in wide ii 5in high .
7iin deep
Special introductory price £28.60 - £2 50 carnage and
packing.

'

SPECIAL OFFER
Slightly shop soiled radios by well-known manufacturer for AC
Mains 0r battery use. MW and FM bends. Dynamic sAkuji
speakers. telescopic aerial and internal ferrite aerial. Earpiece

-POLY PLANAR" WAFER -TYPE, WIDE RANGE
ELECTRO-DYNAMIC SPEAKER

Size niin t, 144in x 1,7xin deep. Weight 19oz. Power handling
20W R.M.S. (40W peak). Impedance 8 ohm only. Response
40Hz-20KHz. Can be mounted on ceilings, walls, doors, under
tables. etc, and used with or without baffle. Send S.A.E. for full
details. Only £8.40 each + P. & P. lone 90p, two £1.101. Now
available in either Bin round version or 4+ x 83 -in rectangular. 10
warts R.M.S. 60Hz-20k £5.25 + P. & P. (one 65p, two 75p.).

socket for personal listening. Finished in attractive simulated
leatherette.
Size 7"H x 91"W x 4"D approx. Fully guaranteed.
Bargain price of only £10.130 + El .30 p&p.
MODEL FL4
Few only similar to above, but battery operation only. Twin
speakers, Four wave bands, MW, FM and two VHF bands for
reception of aircraft and some public services. ONLY £9.50 +
£1.30 p&p.
MODEL MULTI 5
Specification as Model FL4 but with additional SW band.
Twin speakers. ONLY £11.00 + El -30 p&p.

STEREO DECODER
SIZE 2" - 3" . 1" ready built. Pre -aligned and tested for 9-16V neg.
earth operation. Can be fitted to almost any FM VHF radio or tuner,
Stereo beacon light can be fitted if required. Full details and
instructions (inclusive of hints and fips) supplied. £6 00 plus 20p
P. & P. Stereo beacon light if required 40p extra.

Open 9.30-5.30 Monday to
Friday. 9.30-5 Saturday
Closed Wednesday.
Prices and specificatIons correct
at time of press. Subject to
alteration without notice

HARVERSON SURPLUS CO. LTD.
(Dept. P.E.) 170 MERTON HIGH ST., MERTON, LONDON, S.W.19 Tel: 01-540 3985

A few minutes from South Wimbledon Tube Satoh

(Please write clearly)

PLEASE NOTE: P. & P. CHARGES
QUOTED APPLY TO U.K. ONLY
P. .1 P. ON OVERSEAS ORDERS
CHARGED EXTRA.

HANIMEX
Electronic

LED Alarm
Same as ETI offer

Thousands sold

srte,.. (g:trni

Clock

;vent,
(Slide Switch)

Fest Slow

LADIES
LCD

Only 25 x 20 mm and
6 mm thick. 5 func-
lion: hours, mins,
secs, day, date, -i-

back light and auto
cal. Elegant metal
bracelet in silver or
gold. tom -....

4.4.44
State preference.

...... *
E10.95

...-.,

Guaranteed same day
despatch

-

5 FUNCTION
LCD

I

THOUSANDS SOLD
11 FUNCTION
SLIM CHRONO

6 digit 11 functions

. Hours, mins, secs.
'Day, date, day of
week

 1/100, 1/10, secs 10 ,

x secs, mis.
 Split and modes.

Hours, mins, secs,
month, date, auto
calendar, back-
light, quality metal
bracelet.

`
£7.65

Guaranteed
despatch

same day

Very slim, only 6mm thick.

Back light, auto
calendar.

 Only 8 mmthick.
This same watch is
being sold for £22.00
in newspaper and
magazine special
offer ads.

Metac Price £12.65
Guaranteed same day despatch

Feature
*Hour/minute
*
*
*

*
*
Size
x

11111111-'-
13,Ticator nupr,,,,,

Tine
Lock

and Specification
display

Large LED display
on indicator
24 Hours alarm with
Display flashing
indication
Repeatable 9 -minute
Display bright/dim

5.15 x 3.93 x 2.36
60mm).

Weight 1.43 lbs (0.65

Guaranteed same

£8.65

\ \ \
Colon Alarm On

Indicator

Set Minute
Switch DisMsY

with p.m. and alarm

on/off control
for power loss

snooze
modes control

(131mm x 100mm

kg).

day despatch

.

All products carry full 12
months guarantee. Please
add 30p p&p with all
orders. All prices include
VAT,

Shops open 9.30 to 6.00
daily.

Trade enquiries welcome.
Delivery: One week.
Except where same day
delivery is stated.

ALARM CHRONOGRAPH WITH
DUAL TIME ZONE FACILITY

 Constant LCD display
of hours and minutes,
plus optional seconds
or date display, plus
day of the week and
am/pm indication.

 Perpetual calendar,
day, date, month and f ag
year.

 24 hour alarm withon/off

PLEASE NOTE
All our products carry full money
back 10 -day reassurance.
Watches are despatched by
FIRST-CLASS POST. They are
fitted with new batteries, and
include guarantee and Instruc-
Lions.
Battery fitting service is available
at our shops for no extra charge.
We stock most watch batteries
and this service is available to all.
Metac have been selling
electronic watches probably
longer than anyone else in the
UK. We take care of your watch
not just this year but next year
and the years after that.

indication.
 1/10 second chrono-

graph measuring net,
lap and first and
second place times.

 Dual time zone
facility. Night light. £29.95

Telephone Special 24 -hour
phone service METAC Electronics & Time Centre ilii. e it

Credit-card customers are welcome to
buy by phone - simply phone 01-723 67 HIGH STREET 327 EDGWARE ROAD Barclay & Access Buy it with Access
4753 with your credit-card number to

place your order. DAVENTRY, NORTHANTS LONDON W2 welcome ATel. (032 72) 76545 Tel. (01) 723 4753 Phone or Send Card Number with order
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(News Briefs)
by Mike Abbott

WALKY TALKY TERMINAL

INSTANTANEOUS access to computer information from a pocket -
sized portable radio is provided by the new RDX 100 portable Data

Terminal developed by Motorola. The RDX is a lightweight high-
powered FM transmitter/receiver, fully self-contained, currently
designed to be compatible with the IBM 360/370 Information Display
System for data entry, retrieval and update applications. The radio has
been developed for both indoor and outdoor use, requiring no telephone
lines, interconnecting cables or external power source.

The RDX Data Terminal System comprises the RDX 100 Portable
Terminal, a duplex FM radio base station and an RDX 1100 Control
Unit, which can handle up to 32 portable terminals. Two-way, real time
communications between the portable terminal and the computer is ac-
complished by an FM radio link between the terminal and the base sta-
tion, and a synchronised landline link between the RDX 1100 Control
Unit and the computer.

The radio operates in the UHF band, sending and receiving informa-
tion from the base station at 80 characters a second, while the RDX
1100 Control Unit communicates with the IBM computer system at
standard transfer rates from 1200 to 9600 bits per second. Because of
its versatility, Motorola expects its RDX system to find a wide spread
of applications, such as Freight Traffic Management, Stock Control,
Materials Handling and Load Distribution Management.

One reason for its versatility is the optional detachable, solid state
light pen powered from the portable terminal. Ideal for data entry ap-
plications, the RDX Light Pen permits very rapid and accurate bi-
directional entry of bar-coded data. Utilising Code 39 (alphanumeric
bar code), product information such as item, location, price, data and
other descriptive information can be read by the RDX. Because this
light pen is fully alphanumeric, existing product nomenclature can
remain unchanged, eliminating the need to modify existing (or to
develop new) product coding systems.

The system is expected to become available in the UK soon.

FLOPPY SADDLE FOR YOUR PET

ATWIN mini floppy disk system designed to preserve the integrated
package approach adopted by Commodore for their Pet personal

computer, has been released by Midland Micronics Ltd. of Solihull.
Pictured below, the M.M.3 floppy disk system is seen mounted

saddle style over Pet's VDU to give data access nearly 1,000 times
faster than by the internal cassette system.

Connection is via the Memory Expansion Socket, but still allows
RAM expansion, and the additional instruction set for addressing the
disk from software or keyboard is held in a PROM supplied with the
system.

The disk controller itself uses a microprocessor, permitting self test
operations, and the mini diskette media can be flipped for recording on
both sides.

PRINTER

ANOTHER peripheral for Pet is a low cost business -quality printer
which interfaces directly and is now available from GR Elec-

tronics Ltd. of Newport, Gwent. Based on the IBM 3982 "Golfball"
unit, it gives full ASCII facilities with the ability to change typefaces
and founts to suit specific applications.

The Petprint 3982 printer will copy letters, invoices, program
listings, etc. in caps and lower case either as set up on the computer's
VDU screen or input through the cassette unit. Printing speed is 15
char/sec and line length 130 characters, with a 10 char/in pitch which
may be modified to 12 pitch if required. The printer is driven from the
Pet's user port (not the IEEE interface) and its operation is controlled
by a machine code program supplied on cassette. This gives the user
flexibility in code conversion and timing as well as carriage return, line
feed, tab and backspace functions.

When loaded into the Pet, the printer program occupies less than
of store and will not normally be affected by loading of further informa-
tion through the cassette unit. Routines included in BASIC are for
listing of Peek/Poke characters, solenoid codes and characters actually
printed. A further facility is a step/print function which allows
"mapping" of other printing elements.

The printers themselves are "second -user" heavy-duty units,
regularly maintained during their initial service life as satellite printers
in a large distributed system. They have been reconditioned by an IBM
specialist, from whom service and repair facilities will also be available.
The price with fitted interface and software cassette is £475.

OBITUARY

T is with regret that we announce the death of John Miller -Kirkpatrick
I at the age of 31. A man with great ability, he successfully designed
and marketed the Scrumpi Microcomputer system until his recent
illness. We offer our sympathy to his family and friends.
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CONE MINI SOURCES
D. F. BOWERS B. Sc.

I N THE field of analogue circuit design, it is often necessary to
generate constant electrical currents. One example of this is

capacitors being charged with constant currents to produce
linear ramp waveforms. Constant current (dynamic) loading
improves the voltage gain of common emitter transistor stages
and the linearity of common collector ones. Constant currents
can compensate for the internal resistance of Zener diodes, and
in conjunction with resistor "ladders" can produce accurate
programmed voltage drops.

Modern d.c. amplifiers make extensive use of constant -
current biasing, particularly in the input stages where this form
of biasing improves the common -mode and supply line rejection
ratio. Constant current sources also find more mundane applica-
tions such as nickel -cadmium battery charging.

Before looking into methods of achieving constant currents, it
is informative to examine the necessary design criteria.

WHAT IS A CONSTANT CURRENT SOURCE?
Fig. la shows the block diagram of a current source. The

current I is fixed and is shown flowing in the conventional
(positive to negative) direction. Fig. lb shows two commonly
used symbols for constant current sources, in both cases the
arrow indicates the direction of conventional current flow.

CONSTANT

CURRENT
GENERATOR

LOAD

(al I b)
Fig. la. Block diagram of a current sourceImo Fig. 1 b. Constant current generator symbols

As with all black -box devices, we can specify the output of
Fig. 1 a with two parameters, voltage and current. The current,
of course, is fixed and for this to be true the voltage must
therefore be dependent on the load resistance,

i.e. V = IRL where V is output voltage
I is the constant current
R is the effective resistance

of the load at that current

To ensure that is the case, the output impedance must in
theory be infinite and with no load the output voltage should
also be infinite. In practice, of course, neither of these
parameters can be perfect, and figures for internal impedance
and maximum output voltage are quite often used to specify the
performance of a particular circuit. Another method is to specify
a so-called output compliance, where the current is guaranteed
to stay within a certain tolerance over a given range of output
voltages. For example, a current generator of 10mA ± 1 per cent
working over a 10V range would require an output impedance of
greater than 50k.

DESIGNING CONSTANT CURRENT SOURCES
Unfortunately, constant currents are not quite as easy to

generate as constant voltages, since devices such as constant
current batteries do not exist. One way of getting round this is to
use a large resistor in series with a voltage source (Fig. 2).

1E0511

Fig. 2. Simple current generator

To satisfy our 10mA +1 per cent over a 10V range, R would
need to be 50k, but V would have to be 500 volts. The circuit
would also waste a minimum of 5 watts of power, only 100mW
of which would ever be used in the load. Clearly this is a rather
impractical solution.

TRANSISTOR SOURCES
The bipolar transistor when connected in a common emitter

configuration acts as a type of current generator. In theory, for a
given base current the collector current will be constant, the
relationship between the two currents being 0, the current gain.
The value of (3 (like all transistor parameters) has the unfor-
tunate habit of changing with temperature variations, so a little
complication is necessary in a practical current source. Fig. 3
shows a current source of the type often used for biasing Zener

1N4148
OR

SIMILAR

R2 X 2 0 I R

1E652
1

+V

R 2 I 820)

TR1
BC 214

Fig. 3. Transistor current source

diodes (for example). Diodes D 1 and D2 apply a voltage fixed at
about -1.3 volts to the base of TR1. After the Vbe of the tran-
sistor has been subtracted, around 0.65 volts will be developed
across R2 causing a current of 0.65/R amps to flow through the
load, because of the transistor gain, and hence we have a cons-
tant current source, easily adjustable by changing R2. The lower
voltage limit is the negative supply voltage, and the upper limit is
set by the voltage drop across R2 plus the saturation voltage of
TR1. Note that this circuit can also provide negative current
flow (current sinking) by using a n.p.n. transistor and revers -
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ing all polarities. The forward diode voltage drop has a tem-
perature coefficient of -2mV/degree centigrade which causes
some drift of current with temperature change; applying a more
accurate reference to the base of TR1 does not really help
because a similar drift also applies to the emitter voltage of TR1.
One method of alleviating this problem is to replace D1 and D2
by a forward biased gallium arsenide -phosphide I.e.d. The l.e.d.
has an almost equal (-2mV/degree centigrade) temperature
drift to the Vbe of TR1, but around a volt extra forward voltage
drop, producing a nearly constant I volt drop across R2.

For more accurate work, certain other factors must be taken
into account. In particular, the collector impedance of a bipolar
transistor is not all that high, usually around 100k for large
signals, and also the emitter resistance of the transistor cannot
be ignored. Additionally, a parameter known as the reverse
transfer voltage ratio causes modulation of the effective base
width (emitter resistance); all of these effects combine to reduce
the output voltage compliance, and are extremely difficult to
compensate for. To produce accurate current sources, it is

necessary to make the circuitry independent of these parameters.

USING OPERATIONAL AMPLIFIERS
The precision current sink shown in Fig. 4 uses an operational

amplifier to "design out" the awkward transistor parameters. As
with all operational amplifier feedback circuits, stabilisation is
achieved when the operational amplifier inputs are at equal
potential. Thus the voltage Vref must be impressed upon R. This

+V REF

1E6531

Fig. 4. Precision current sink using an op amp

causes an emitter current of Vref/R to flow, and neglecting TR1
base current all this must flow through the load, producing a
constant current (provided Vref is constant). Vref which should
be kept quite low IV) to keep the voltage compliance range
as high as possible, could be derived from a Zener diode or other
reference source. Circuits of this type are often called transcon-

 ductance amplifiers, since they act as voltage/current amplifiers
with a gain of 1/R amps/volt.

Two problems can arise with the circuit of Fig. 4. Firstly, a
little of the current through R will actually flow into the op amp
inverting input. If the current I is high, this will usually be of no
consequence, but for low currents the operational
amplifier should be an FET input or superbeta type. A certain
portion of the emitter current also comes via TR1 base, and this
constitutes an error (1 per cent with a transistor gain of 100)
since the base current does not flow through the load. Replacing
TR1 with a Darlington greatly reduces the error, and if the
Darlington pair has an FET for its first transistor, the error will
be almost zero.

Note that despite the extra transistor, operational amplifiers
compensated for unity gain (such as the 741) will usually
be stable in this configuration, since no extra loop gain is
introduced.

BIPOLAR TRANSCONDUCTANCE AMPLIFIERS
Although the circuit of Fig. 4 can be adapted to source

current as well as sink it (using a p.n.p. transistor for TR1 and a
negative Vref) it is sometimes necessary to accommodate both
polarities of Vref (and hence output current) with a single circuit.
Rather complex versions of Fig. 4 can satisfy this requirement,
but for low currents easier solutions are available. Of course, if
the load is fully floating, the fact that the current through the
feedback path of an operational amplifier can be kept essentially
constant can be used (Fig. 5). This is often made use of in

VIN

rEG 5 4.1

Fig. 5. Simple feedback current generator

integrator circuits (where the load is just a capacitor) but if the
load is not fully floating, an alternative solution must be found.

The basic bipolar current generator (transconductance
amplifier) shown in Fig. 6 is formed from a single operational
amplifier. If the Ierror current is very small (i.e. R3 + R4 very

R1

VIN

IMO

R2

IF R1.R3, R2=114

I -L.-
VIN R2
R1 RSET

Fig. 6. A bipolar transconductance amplifier

large) then a constant current will flow through the load
provided a constant voltage drop can be maintained across Rset.
If R1 = R3 and R2 = R4, then any voltage at the output will be
fed back to the non -inverting input in the correct proportion to
ensure this condition, and the output current will be Vin/Rset x
R2/R1, which can be easily adjusted with Rset. This holds true
for output voltages less than ±(Vsat - lout Rset) where Vsat is
the maximum output swing of the operational amplifier. The
highest value of Lout is naturally limited to the maximum

R1

V IN
100k

1E0561

R3
100k

R2

S

R SET
500

49k5

IF R2= R4+RSET,R1.R 3

I
VIN R2
R1 RSET

Fig. 7. An improved transconductance amplifier

IV
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operational amplifier output current. If the Ierror current is large
enough to cause problems, the circuit of Fig. 7 can be used. In
this circuit, the gain is adjusted to compensate for the lerror
current and for the highest accuracy very close tolerance
resistors should be used. Adjustment of this circuit is not easy,
since all resistor values are interrelated. The values shown are
for a gain of I mA/volt. Note that the load need not necessarily
be earthed, but can be connected to any potential that maintains
Vs within the operational amplifier voltage swing limit.

OPERATIONAL TRANSCONDUCTANCE
AMPLIFIERS

Another way of obtaining a bipolar constant current source is
to use an operational transconductance amplifier such as the
CA3080 (Fig. 8). This device is designed to give a current output
(up to 500µA) from a voltage input. The gain is given by L Vin
x gm amps/volt where L> Vin is the voltage between the input
terminals and gm 19.2 x Iabc for the CA3080.

I EG "I

± VIN {

I ABC =V
V IN X 19.2 X V

R SET
I R SET

Fig. 8. An operational transconductance amplifier

Other types of current amplifier such as voltage current
transactors (VCTs) have been designed, but their application is
not usually appropriate to the design of simple current
generators, and in any case the latter are not yet commercially
available.

FETs AS CURRENT SOURCES
If after all this you are puzzled as to why some enterprising

manufacturer has not brought out some simple current
generator devices (akin to Zener diodes) then you will be pleased
to hear that Siliconix market a range of two terminal devices,
often referred to as "constant current diodes".

Although ultra high precision cannot be achieved with these
devices, they make very useful bias sources or dynamic loads.
These devices use FET technology, and can in fact be made
using ordinary junction FETs (such as the 2N3819). Fig. 9a
shows the principle.

IEGS S

SECTION b

SECTION a

Fig. 9. Constant current "diode" principle

When sufficient reverse bias exists on the gate of an FET, the
current through the channel starts to reduce. If the gate and

source are connected together, then current will increase until
the voltage dropped across the internal section of the source
channel (section a) exceeds the required gate voltage. At this
point, the current will be held almost constant. The actual value
will depend on the channel resistance and pinch -off voltage of
the particular FET, and is known as Idss. This value varies
greatly from device to device with normal FETs, and for a
2N3819 can be anywhere from 2 to 20mA. The current can be
reduced by inserting a resistor in the source of the FET (Fig.
9b).

VOLTAGE REGULATORS AS CURRENT SOURCES
Occasionally, current sources are required to deliver quite

heavy currents (such as with battery chargers). Fig. 10 shows
how a standard voltage regulator i.c. can be used to provide this
function.

+V

I ES 591

V OUT *Iq

V OUT =REGULATOR VOLTAGE

Iq

Fig. 10. A voltage regulator as a current source

The regulator ensures a constant voltage across from Vout to
ground, and this causes a current of Vout/R to flow through R
(and hence through the load). Added to this we have the
regulator quiescent current (Iq) which is typically several
milliamps and usually constant enough to cause no problems.
Low voltage regulators should be used to increase the output
voltage range and to keep the power dissipation in R to a
minimum. Currents of several amps, depending on the regulator,
can be provided in this manner.

BOOK
OEM

UNDERSTANDING ELECTRONICS
By R. H. Warring
Published by Lutterworth Press
175 pages. Price £3.95

THIS book attempts to explain in everyday language basic electronic
principles and behaviour of simple circuits. It is an interesting book,

both to the layman for the simplicity and clarity of the explanations,
and to the qualified reader for the ingenuity in avoiding recourse to
mathematics. The reader is asked to accept on face value only the few
circuit properties which defy this form of treatment.

The book contains much useful information regarding component
types, their construction, marking, mounting, etc. One glaring omission
is any mention of the principles of negative feedback, the basis of every
modern amplifier circuit.

J.F.G.
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micro computer or modem - 16 lines x 64 characters

SEND SAE NOW FOR FULL DETAILS.

PET 2001 COMPUTER
Suitable for educational, commercial, scientific and domestic
applications
Memory - 8k ram (expandable to 32k externally)
Display - 1000 characters 40col x 25 rows
Keyboard - full ASCII character set +
graphics separate numeric keyboard
Other features include - reliable
cassette unit, comprehensive 1/0
facilities, 8k resident basic interpreter
Send S.A.E. 9- x 6- for data and
software list

HARDWARE PRICES
PET 2001-8 £695.00
PET SECOND
CASSETTE £59.40
PET 2020
PRINTER £459.00

T11. See catalogue for full range
557413074 017
59740114 0.17
6574025 0.17
6574035 0.17
674740474 0.15
51474059 022
SN7406N 0.39
S574075 039
5574085 022
SN74095 022
09741004 020
5574115 020
0574125 020
5574135 0.36
SN74145 060
S574169 025
55741714 025
SN74205 022
SN74235 022
SN7425N 022
0974285 022
SN74275 022
SN74305 022
SN74324 022
SN743714 024
6574389 024
5574404 0.11
9174415r4 0.59
SN7442N 045
SN7445N 0.75
571744674 060
597447414 0.55
SN7448N 0.80
SN7450N 022
0574515 022
SN7453N 020
514745471 020
5974605 022
S474705 0.39
S974725 0.30
SN7473N 036
0574745 026
SN74755 0.60
SN74765 0.45
SN74805 0.60
5574815 1.00
S574825 090
05748374 1.05
54148471 120
5474854 010
SN74864 0.36
5574895 190
S574904110.36
51474925 0.36
571749314 0.38
5574945 090
S574955 676

SWITCHCRAFT
for the professional connection

all prices
are each 1-9 10-49 50-99 100+
A3F 1.80 1.81 1.44
A5F 3.88 3.32 2.95
A3M 1.63 1.39 1.23
A5M 2.97 2.88 2.36 prices
AR3F 4.77 4.30 3.82 on
AR3M 4.41 3.96 3.52 request
D3F 2.45 2.17 1.92
D5F 3.92 3.66 3.13
D3M 1.48 1.32 1.17
D5M 2.89 2.43 2.16
F --female M., ---male R -..right angle D=chassis A, ----cord
3=No of pins

MEMORIES See catalogue for full range
A12513 8.75 01133045 395 INS89005 1486 S1F713014 8.95 TMS4044 985
054811395 1.36 DP83500 38.51 1018450013 1323 SFF96364 16.00 TMS4045 9.85
091811096 1.36 9418715 1922 9191170240 6.50 SF1968004 15.00 TMS4050 0.44
054811.597 1.36 561771N-1 48.06 MM27080 980 SFF9681 OA 4.95 TMS405 I 645
0M811398 136 NS26525 18.74 MM52040 900 SF59582011 7.65 1N154.060 6.46
05486780.4135 9080609 1090 MM5303N 683 5FF988214 7.60 19154116 26.00

14.00 4580805 726 MM5307 1365 SFF968504 7.65 TMS4164 P.OA
06821281 3.09 551315471 8.58 MM80C955 0.58 TMS2715.11 19.50 TMS6011 5.38
0182165 2.56 5S62505 10.05 MM800965 086 TMS4027 8.10 TMS9900 4441
131822414 3.58 5582519 745 MM80C975 0.58 1MS41133 1.75 11459901 10.1111

5574123N OM 7401075 122 7415385 0.32
55741249 120 74015074 4.14 7415404 026
59741255 0.46 7401519 2.47 7410425 090
557414171054 7401545 366 7415475 1.09
5574145N 0.85 740157N 221 741S48N 1.00
S9741489 1.35 74078071 1.11 7415495 1.09
917415074 0.90 7401615 1.11 741.55114 026
S5741519 0.76 7401625 1.11 7415545 026
S5741534 0.65 74018314 1.11 7410555 026
55741545 120 7401649 1.04 7415635 126
S4741554 0.70 740165N 1.04 74157314 0.42
55741575 0.78 74017371 0.90 741S745 0.42
SN74160AN 7401745 090 74157571 0.58

0.90 7401755 090 7415769 0.42
55741614N 74019214 1.11 74157814 042

0.90 74019314 1.11 741583014 0.90
647416245 7401955 134 7415855 0.95

0.90 7402004 6.70 74138614 0.44
SN74163AN 74022174 1.36 7415905 0.64

0.90 74037374 117 7415915 120
S5741645 0.98 S 74 7416925 0.70
S5741654 0.98 057414015 055 74LS93N 0.64
097416792.5 S574H0414 OR 79395414 0.90
S5741745 1.00 S474H055 0.60 7415965 1.35
5574175N 1.00 5574410N0.55 7931074 042
SN741765 0.90 S97411115 0.55 74151095 042
05741775 0.90 5974142074 0.55 7931129 042
947411014 1.00 57174H2114 0.55 74151135 0.42
S57418152.00 S147411309 0.55 7415114N 042
S47418250.80 6974640N 0.65 741312274 062
S57411349 1.50 5574H5174 0.55 741312314 023
5474185411 55749535 0.55 74151245 1.70

1.50 S97485474 0.55 74151255 0.50
59741865 SN74H55N 0.56 7415121371 0.50

10.71 55747160N058 7415132N 0.85
54741654N 5474H625 0.55 74151365 0.42

2.10 55741005 0.55 7415;3874 0.65
SN74189N 2.60 057410274 0.55 74151399 055
557419071 0.85 5747410474 010 74151459 1.30
547419174090 SM11741.4174 3.10 741.5147741.65
0574192710.90 65741745 0.90 74151485 1.35
597419350.90 5574185N 2.62 741515114 0.58
05141969 0.90 54741935 2.30 74151535 0.58
557419751685 74LSOON 026 7416154N 145
59741985 125 74LSOIN 026 74151555 OR
071741999 125 7418025 026 741515674 0.80
740005 024 74LS03N 026 741315714 0.60
74CO29 024 7415045 029 74151585 0.65
740045 024 7415055 029 7415160N 080
74C085 024 7415085 028 74141619 0135
74C109 0/4 7415095 028 74161625 010
740145 095 74151 ON 026 74151635 015
74C2071 024 7415115 026 74131645 1.10
740305 0.24 74131271 026 74151655 1.15
74C325 024 7413135 0.58 74151669 1.85
740429 092 741.5145 0.75 741018814 1.45
740459 1.38 74LS155 026 74161899 1.45

TRIACS See catalogue for full range
all prices
are each amps
206D 4
225D 6
226D 8
236D 12
246D 16
253D 20
2630 25
40576 15
40669 8
40842 6
2N4444 5

CMOS See catalogue for full range
00400 020 0040178 1.05 C0403413 246 06405113 015 00407113 020
0040018 020 00401813 1.05 00403513 1.30 0640528 0.85 004072 027
C04002 0.18 004019B 0.52 054037 120 00405313 0/5 04407313 020
C04006 125 0040208 1.15 004040 1.12 004054 145 C0407513 020
004007 018 C04021 105 00404113 056 004055 1.65 05407613 099
00400813 099 C0402213 1.00 C0404213 0.86 C04056 1.15 C04077 0.70
CD4009 058 0040236 020 004043 105 004059 6.00 004078 027
004010 058 CD4024B 036 004044 100 C04060B 1.15 0040818 020
0040116 020 004025E1 020 004045 1.75 C04063 1.35 004082 027
C04012 020 00402713 0.55 CD4046B 1.50 01340668 0.75 0134085 099

volts le 100+ 300+
400 0.60 0.34
400 0.70 0.40
400 0.70 0.40
400 1.00 0.60
400 1.21 0.85 prices
400 1.87 1.15 on
400 2.20 1.32 request
400 2.20 1.65
400 1.30 0.93
450 1.25 0.94
600 1.95 1.47

THYRISTORS See catalogue for full range
all prices
are each
106A
10613
106C
106D
116A
1 168
1160
1 160
1 16M
126A
1268
126C
1260
126M

amps volts 1+ 100+ 300+
100 0.38 0.24
200 0.44 0.25
300 0.48 0.25
400 0.54 0.27
100 0.50 0.33
200 0.54 0.34 prices
300 0.61 0.35 on
400 0.68 0.37 request
600 1.00 0.45
100 0.63 0.40
200 0.70 0.41
300 0.80 0.41
400 0.90 0.44
600 1.07 0.53

of
48 pages for 1t979acodnitainskohe lnatrgestthrangein

semi U50p post paid or 40p to callers.
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TOTAL AMPLIFICATION FROM CRIMSON ELEKTRIK
- WE NOW OFFER THE WIDEST RANGE OF SOUND PRODUCTS -

STEREO PRE -AMPLIFIERS

CPR 1

CPR 1 -THE ADVANCED PRE -AMPLIFIER
The best pre -amplifier in the U.K. The superiority of the CPR 1 is probably in the disc stage. The
overload margin is a superb 40d8. this together with the high slewing rate ensures clean top, even
with high output cartridges tracking heavily modulated records. Common -mode distortion is
eliminated by an unusual design. R.I.A.A. is accurate to 1dB; signal to noise ratio is 70dB relative
to 3.5mV; distortion < .005% at 30d8 overload 20kHz.
Following this stage is the flat gairVbalance stage to bring tape, tuner, etc. up to power amp. signal
levels. Signal to noise ratio 86dB; slew -rate 3V/uS; T.H.D. 20Hz - 20kHz < .008% at any level.
F.E.T. muting. No controls are fitted. There is no provision for tone control. CPR 1 size is 130 x
80 x 20mm. Supply to be +15 volts.

MC 1 - PRE -PRE -AMPLIFIER
Suitable for nearly all moving -coil cartridges. Sensitivity 70/170uV switchable on the p.c.b. This
module brings signals from the now popular low output moving -coil cartridges up to 3.5mV
(typical signal required by most pre -amp disc inputs). Can be powered from a 9V battery or from
our REG 1 regulator board.

REG 1 - POWER SUPPLY
The regulator module, REG 1 provides 15-0-15v to power the CPR 1 and MC 1. It can be used
with any of our power amp supplies or our small transformer TR 6. The power amp kit will accom-
modate it.

POWER AMPLIFIERS
It would be pointless to list in so small a space the number of recording studios, educational and
government establishments, etc. who have been using CRIMSON amps satisfactorily for quite
some time. We have a reputation for the highest quality at the lowest prices. The power amp is
available in five types, they all have the same specification: T.H.D. typically .01% any power 1kHz
8 ohms; T.I.D. insignificant; slew rate limit 25V/uS; signal to noise ratio 110dB: frequency
response 10Hz-35kHz, -3dB; stability unconditional; protection drives any load safely; sensitivity
775mV (250mV or 100mV on request); size 120 x 80 x 25mm.

POWER SUPPLIES
We produce suitable power supplies which use our superb TOROIDAL transformers only 50mm
high with a 120-240 primary and single bolt fixing (includes capacitors/bridge rectifier).

POWER AMPLIFIER KIT
The kit includes all metalwork. heatsinks and hardware to house any two of our power amp
modules plus a power supply. It is contemporarily styled and its quality is consistent with that of
our other products. Comprehensive instructions and full back-up service enables a novice to build
it with confidence in a few hours.

POWER AMPLIFIER MODULES
CE 608 60W/8 ohms 35-035v £16.30
CE 1004 100W/4 ohms 35-0-35v £1922
CE 1008 100W/8 ohms 45-0-45v f23.22
CE 1704 170W/4 ohms 45-0-45v £29 12
CE 1708 1 70W/8 ohms 60-0-60v . f31 90
TOROIDAL POWER SUPPLIES
CPS1 for 2 x CE 608 or 1 x CE 1004 £1447
CPS2 for 2 x CE 1004 or 2/4 x CE 608 £16.82
CPS3 for 2 x CE 1008 or 1 x CE 1704 £1766
CPS4 for 1 x CE 1008 £1531
CPS5 for 1 x CE 1708 . . . . . £2268
CPS6 for 2 x CE 1704 or 2 x CE 1708 £23.98
HEATSINKS
Light duty, 50mm, 2°CNV £1.30
Medium power, 10Ornm, 1.4°CNV . £2.20
Disco/group, 150mm, 11°C/W f2.85
Fan, 80mrn, state 120 or 240v . . . £1850
Fan mounted on two drilled 100mm
heatsinks, 2 x 4°C/W, 65°C rnax.
with two 1 70W modules. £2916
THERMAL CUT-OUT, 70°C £190

POWER AMP KIT . . . £3240
PRE -AMPS:
These are available in two versions -
one uses standard components, and the
other the SI uses MO resistorts where
necessary and tantalum capacitors.
CPRI . .f29.49 CPRIS . £39.98
MCI . £18.50 MCIS . £29.49
POWER SUPPLY:
REGI E6.75 TR6 . . £1.75

BRIDGE DRIVER, BDI
Obtain up to 340W using 2 x 170W
amps and this module.
BDI £5.40

CRIMSON ELEKTRIK
1A STAMFORD STREET,

LEICESTER LE1 6NLL
Tel. (0533) 537722

All prices shown are UK only and include VAT and post. COD 90p extra, 100 limit. Export is
no problem, please write for specific quote. Send large SAE or 3 international Reply
Coupons for detailed information.
Distributor: Miric Teleproduckter, Box 12035,
S-750 12 Uppsala 12, Sweden.

[SO LITE your component buying
problems with this

1
famous

Catalogue

 The finest components
catalogue yet published

 128 A -4 -size pages.
 About 2,500 items clearly

listed and indexed.
 Profusely illustrated.
 Bargain List sent free.
 At £1.25, incl. p. & p., the

catalogue is a bargain.

Send the coupon below now.

HOME RADIO !Components) LTD 234 240 London Road Mtcham Surrey CR4 311Dr
IPlease write your Name and Address in block capitals

NAME

ADDRESS

I HOME RADIO (Components) LTD Dept PE

234-240 London Road, Mitcham. Surrey CR4 3HD 912966 London]
Regd. No

PROGRESSIVE RADIO
31 CHEAPSIDE,

LIVERPOOL L2 2J D

FULL SPEC. SEMICONDUCTORS SPECIAL OFFER :-
TBA800 10 for £5.00. OR P61 Mullard boxed 30p. 741 8 Pin 6 for El .
L.E.D.'s. TIL209 0.2" Red 10p each. Toshiba TLG113 0.2" Green 16p each. TLR120 0.2"
Clear Infra Red 19p each. TLG107 Green 0-2" Flat Top 17p each. NE555 Timers 27p each.

TRANSFORMERS, 6-0-6v 100ma, 9-09 75ma, 12-012 50ma 75p each, 12-012 10Orna 95p,
12v 500ma 95p, 1:1 triac/xenon pulse transformers 30p, CHOKES 6MH 3 amp 20p. U.H.F. TV
Tuners, push button (not varicapl new and boxed £2.50p. Miniature toggle switches. SPST 8 x
5 x 7 45p, DPDT 8 x 7 x 7 509, DPDT c/o 12 x 11 x 9 75p, Min. push to make or push to
break 16 x 16mm 15p each type. Texas BY205 800v 6a Sil. Rects 18p each. Nat Sem.
LM340T 6v 1a voltage regs 40p. AD161/162 matched pair 70p pair.

TOOLS Small side cutters 5" insulated handles E135p. Snub nosed pliers 5" insulated handles
C135p. Board with 14 12 volt reed relays £l.95p. Large mains tester screwdrivers, fully
insulated 8" 44p. Test lead jumper sets. 10 leads with insulated croc clips each end,
different colours Bop. Telephone pick up coil, suction type with 3.5 mm jack plug 50p. 9 volt
battery eliminators. 240v ac input 9v do out at 120 rnA, stabilised replaced PP3, PP6. PP7, PP9
£2.45p. Edge connectors. 0.1 64 way 659, 34 way 40p. 0.2 18 way 15p. Murata MA401,
40KH2, Transducers Rec/Sender, £3.259 pair. Tape head demagnetisers, 240v ac with on/off
switch, straight probe £200, curved probe (cassette) £2.359.
TERMS, cash with order, (of official orders from colleges etc). Postage 30p unless otherwise
shown, overseas post at cost. VAT inclusive prices S.A.E. for new illustrated lists.

Progressive Radio, 31 Cheapside, Liverpool L2 2DY.

ACE MAILTRONIX LTD

Dept PE Toole' Street

Wakefield, W Yorkshire WEISJA

411111111w

TOPS THE PACK!
COMPONENTS

KITS

MODULES
SERVICE
QUALITY
PRICES
MAGAZINE
PROJECTS

Now over 1,000 types in
stock!
See the new range of low-
cost 'ELEKITS'.
New ready -built functions,
1st Class same day despatch.
All guaranteed products.
Many reductions!

Trouble -free!

Name

Address

I enclose 30p*, please send catalogue.

*Refundable with future orders over £5.00.
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Semiconductor
FEATURING : TL496C 8202 IRF 100 IRF 305

11 DOD

R.W. Coles

PORTABLE POWER
Ever had the problem of providing power

for a small portable unit that needs the
regulation 9 volts? Easy you may say,
bung in a PP3 or a PP6 battery and the
problem is solved. These days though,
batteries of that sort are expensive items
and there may be a better way to solve the
problem.

Rechargeable Nickel Cadmium cells, for
example, are now freely available, and
although they are initially more expensive
than primary batteries, their long life can
more than make up for that. Trouble is,
while these rechargeable cells are great for
one or two cell operation, stick to the
requirement for the full 9 volts and at 1.2
volts per cell you've got an expensive
battery.

To get the best out of rechargeable cells
for calculators, radios, metal detectors and
so on, what we need is a simple circuit
which will step up the low voltage from a
couple of A.A. size cells to a respectable 9
volts. Oh!, and we need a built-in recharg-
ing circuit too, so that with the aid of only a
small step down transformer, we can give
our cells an overnight boost, or even let
them trickle charge while we are using the
unit indoors.

I don't suppose you will be too surprised
when I tell you that somebody has put all of
the necessary goodies into an itsy-bitsy 8
pin mini -dip package, to make the job easy
for us.

"Somebody" is no less than Texas
Instruments, and the device in question is

230V

T1

01

 >>

the TL496C, termed a 9 volt Power -Supply
Controller. All you need in addition to the
TL496C is an IN4001 diode, a 330µ
capacitor, a 50µ inductor and of course a
couple of Ni Cad cells.

To recharge the cells you will also need a
mains transformer with about a 6 volt r.m.s.
secondary, but there is no need to build this
into the portable equipment if you don't
want to.

When running off the batteries, the
TL496C acts as a switching regulator to
generate the required 9 volts with the aid of
the inductor.

When connected to the mains, an inter-
nal diode rectifies the positive half cycle
and feeds it to a 9 volt series regulator to
maintain the output. At the same time, the
negative half cycle is rectified by an exter-
nal IN4001 and used to recharge the
batteries-clever, eh?

With two cells connected, you can get up
to 80mA at 9 volts at 66 per cent
efficiency. With a single cell, this drops to
40mA but the efficiency remains the same.
At last a small, cheap i.c. which is down to
earth and practical!

REFRESHES THE BITS OTHER
PARTS CANNOT REACH!

Dynamic RAMs, such as the 4K 2104,
the 16K 2117 and even the new Texas 64K
device, have a problem. They keep
forgetting. Not such a healthy characteristic
in devices which are, after all, purchased for
their memory capability!

L

T L496

J lh

OUTPUT

TcP

9V d.c.

G NO

TWO -CELL OPERATION

T1: V.ec = 6.8V r.m.s. typ., Riec = 110 typ. L: 40 to 50µ, 0-,;=3, R < 0.150
CF: 330 to 470p, 10 V electrolyticD1: 1N4001

To make matters worse they forget
everything in just a few milliseconds, and
have to be reminded every 2 milliseconds
about just what it was they were supposed
to remember!

This apparently devious behaviour is due
to the fact that in dynamic (as opposed to
static) RAMs data is stored as a charge on
the gate capacitor of a MOSFET. This
charge leaks away, but 2 milliseconds is a
long time to a microprocessor, and the
reduction in size and power dissipation
possible with dynamic RAM techniques
makes them cost effective for large
memories.

To prevent the loss of data, the
memories are refreshed" every 2 milli-
seconds or so with the aid of external
circuitry which can get very complicated,
especially in systems using 16 pin RAM
chips where the address lines have to be
multiplexed too.

If you are contemplating the construction
of a big memory for use with your home
computer, hold everything! Using dynamic
RAMs is now not only cheap but simple
too, thanks to the 8202 from Intel. This
new 40 pin chip puts the whole of the
refresh circuit, and the address multiplexer
into one easy to use package.

No need to wire up arrays of TTL gates
and refresh counters, no need to worry
about what happens to memory refresh
while DMA (Direct Memory Access)
transfers take place, the 8202 takes care of
it all. It'll handle a full 64K of memory too,
enough for a very capable "Star -Wars"
program!

KILO -WHAT?
Some time ago I extolled the obvious vir-

tues of the new Siliconix VMOS power
FETs which eliminate many of the disad-
vantages of bipolar power transistor
technology while providing CMOS com-
patibility and the wherewithal to switch 2
amps in just 10 nanoseconds.

International Rectifier have now joined
the power MOSFET brigade with a couple
of devices with a very impressive specifica-
tion.

The IRF 100 is rated for 16 amps at 80
volts and has an "on" resistance of just 0.2
ohms maximum.

The IRF 305 is rated for "only" 5 amps
but (hold on to your rubber mat!) at no less
than 400 volts!

Both devices can, in consequence,
switch over a kilowatt. Just the job for that
transistorised arc welder you always
wanted to build!
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neapOUP
a selection from our postbag
Renders requiring a reply to any letter must include a stamped addressed envelope.
Opinions expressed in Readout are not necessarily endorsed by the publishers of Practical Electronics.

Extravagate
Sir-The article in the January issue's
Ingenuity Unlimited section of P.E., describ-
ing a method of adding upper and lower bars
on digits 6 and 9 of 7447 display drivers, is
somewhat extravagent on gates. For the
benefit of those readers who have not seen
the method generally employed, these are the
details:

Since the 7447 is an "open -collector"
device, other similar devices may be connected
across the outputs, using the "wired -or" mode.

Fig. 1

DD

7 4 4 7
3

12

11

10

15

4

b

C

d

EG 49

Fig. 2

BLANKING

EG 401

Fig. 1 shows how just two inverters from a
7405 (5V) or 7406 (30V) hex. open -collector
may be used. This arrangement does not allow
the "blanking" facility to be used; if it is re-
quired, the circuit of Fig. 2 should be used.
This method uses two gates from a 7403 (5V)
or 7426 (15V) quad. two -input open -collector
NAND gate. Both methods allow more dis-
plays to be driven from fewer packages.

Unfortunately, I cannot claim any
originality for these circuits, as they are too
well-known in the industry.

M. A. Priestley, B.Sc.,
Edinburgh.

7447 13

7 12

1 11

Symbolism
Sir-A few comments on P.E. and circuit
diagram symbols:

1. The new component value labelling
system is a good step. However, be
warned that for inductors, 100m could
be ambiguous-Rank Service Spares
use the suffix "m" in place of "µ" for
capacitors. It's unlikely, of course, that
an inductor and a capacitor would be
confused-but it is worth while remem-
bering that 100m could be interpreted as
100µ by some!

2. Keep your present symbols for compo-
nents. The habit of naming transistors
"Q" etc. instead of "T" or "TR" is terri-
ble, after all, it's not a "Quansistor" now
is it? Unusual symbols make reading
very difficult, as do non-standard
layouts of circuit diagrams. There is no
quibble at all with your present circuit
diagrams or symbols. Change for
change's sake is all too prevalent
today-and I don't need it.

3. The current craze for superfluous
verbiage worries me, e.g.

This moment in time = this moment
Visible gallium arsenide red indicator
device = I.e.d.
Advanced Technology = standard
electronic circuitry
Total solution an elegant

Total systems capability solution?

Please let it stay on the other side of the
Atlantic!

So to end, broadly speaking, keep P.E. as it
is. Please try to avoid that which is insubstan-
tial, trendy and "commercial" in character;
and we speak British English here-and
expect to read British English-not mid
Atlantic slang.

B. J. Duncan,
Tattershall, Lincoln.

The above is an extract from a very lengthy
letter on P.E. and other magazines from Mr.
Duncan.

A Pointless Exercise?
Sir-Full marks! for using the "pointless"
method of recording component values (6k8,
41.17, etc.) and for using "nano" for capacitor
values where appropriate.

I find no more difficulty visualising that
4n7 = 4700p =  0047µ than visualising that

6k8 = 68000 = .0068M.
Full marks! also for not using those silly

boxes to represent resistors. Symbols, to me,
should be functionally descriptive, and I am
sure that the zig-zag is better for a resistor
than any little boxes.

More power to your elbows, gentlemen.
Chris Finn, C.Eng.

Southwood Park
Beverley

Sir-A pointless exercise, you can say that
again!!!! At the moment all the capacitors in
my service kit are clearly marked. .01µf,
002µf etc.. etc. I can, thank heavens, still
order them like this. I have just received from
the USA some circuit modifications to cinema
equipment we service-the components (nice
squiggles for resistors!) are clearly marked
 luf, Oluf, 1.5k etc.

I have just looked at a Japanese circuit
diagram-again the components are clearly
labelled as above. You really think that it is
easier to write 470n than 47µf?? And 3K9
than 3.9K. I know which I prefer and which is
easier to read. Who on earth wants to deal in
nanofarads-I suspect that most service
engineers like me will find the rigmarole of
working these out an unnecessary chore.

You state that pointless values are less
prone to printing or drawing errors-I would
think you have no proof of this. Printing or
drawing errors are only avoided by care in
preparation and copy reading-making
something easier to write does not necessarily
make mistakes less easy to make.

How about an editorial rethink in the nice
fresh air of Poole and a return to common
sense?

P. Taylor,
St. Agnes,
Cornwall.

Maybe it is not easier to write 470n than
.47µF but remember we have to put 0.47µF to
help avoid confusion, and how about 0.002µF
or 2,000pF rather than 2n; such long designa-
tions can also be a problem on a crowded cir-
cuit diagram.

Unfortunately, a point is easily lost in
printing or a dot may appear in just the wrong
place. No amount of checking or proof reading
will overcome this.

We are sure you will find 3k9 just as easy
to read once you are used to it and nF is a per-
fectly valid denomination of F-writing 470n
as opposed to 0.47uF is the same as writing
I mV instead of 0.001V-it is only a question
offamiliarity.

Any more views?-Editor.
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All Change!
Sir-In your January editorial you justify
your "pointless" component values as "it is
widely accepted", while although you have no
immediate plans to use boxes to represent
resistors and capacitors, Toby Bailey ex-
presses the view in his "letters" reply that such
a move would be change for change sake,
while you believe such a change would make
circuits less easy to read.

In principle I agree but then must ask, why
you have departed from using the widely ac-
cepted symbols for logic gates that almost
everybody (Mullard, SGS, Harris, Texas etc.)
use.

Please practice what you preach and use
easy to read symbols that are in common use
and let's not have change for change sake! I
don't care if your new symbols are in accor-
dance with the "BS". BS will have to follow
American practice in the end, it's happened
before.

While I am writing may I ask your "Patents
Reviewer" how Indesit of Turin got a patent
(BP 1497418), January issue, on a technique
that is common knowledge. I have read a
number of articles on this topic over the years
including one in the February 12th 1976 issue
of "Electron" (pages 52-4) and I have known
of the technique for at least 15 years.

Beeston
Enfield

We must point out that we have not "depar-
ted from using widely accepted symbols" or
made "change for change sake". In fact our
logic symbols have been used in P.E. since
January 1972. There may now be a case for
change and we have noted your feelings. By

the way, we are not using BS gate symbols,
some new BS symbols are:

AND

OR ECEI

NAND

NOR

Your point on the Indesit patent is taken up
below.

Standard Patented
Sir- I am both dismayed and worried by the
report, on page 68 of your January 1979
issue, that Indesit have been granted a British
Patent on what has been the standard method
of producing a log law potentiometer for
several decades. I can remember being taught
this method over twenty years ago as an
apprentice and whenever I have needed a log
law pot have used this method.

How then can a foreign washing machine
maker claim to have invented such a tech-
nique? Does this mean that the British Patent
Office is about to grant patents to foreign tea
cup makers for the "new" method of obtaining
a lower value resistor of non -preferred value,
by putting another suitable resistor in parallel
with the first one?

Perhaps some enterprising British company

should apply for foreign patents on all the
standard methods used in our industry to
produce components of different values or
characteristics from those readily available.

D. Lands,
Dorset.

May we assure readers that a patent has
been granted to Indesit as described in the
January issue. Our contributor, Adrian Hope,
bases the reviews on copies of patents obtained
from the Patent Office. Sometimes he
deliberately selects patents on apparently old
ideas to draw attention to such anomolies. So
how do these anomolies arise and what can be
done about them? The Department of Trade
Press Office inform us that a search of
existing literature is made before new patents
are granted. But no search can ever be
conclusive and it is for this very reason that
patents can be challenged. Under the laws
previously existing in the UK this has been a
rather tortuous procedure. However a new law
came into force in June 1978 which
streamlines procedures (see next month's
Patents Review). But due to the inherent
slowness of patenting, patents will continue to
be granted under the old laws for a period of
several years yet. Although these are still open
to "revocation" under transitional legal
provisions, readers will in most cases be well
advised to let sleeping dogs lie and simply
ignore obviously invalid patents granted under
the old laws. In any case readers should bear
in mind that it is only public knowledge prior
to the original filing date of a patent that
invalidates it. The published reference givenby
Mr. Beeston was after the original filing date
of the Indesit patent-January 1975.

Editor

a
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the middle
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DUAL PURPOSE LIGHTS REMINDER FOR CARS
REMINDS YOU TO TURN YOUR LIGHTS ON
REMINDS YOU TO TURN YOUR LIGHTS OFF

FOR all those motorists who like me, have a wife with a
predilection for leaving the car lights on whenever pos-

sible, this unit should prove useful, for it will also give a
warning of failing daylight thus performing a dual function,
that is, it will give a warning when it is time to switch on the
car lights, and also when the lights have been left on after
the ignition has been switched off. This is particularly useful
when the lights have been used during the day in times of
poor visibility.

CIRCUIT DESCRIPTION
Perhaps the easiest way to explain the circuit operation is

to split the circuit in two, that part before D3 performs the
monitoring whilst all the circuitry after D3 gives the warning.
As this is the simplest part of the circuit we shall deal with
this first. Nand gates IC2a and b together with C2, C3, R8
and R9 are designed to oscillate at about 1Hz and can be
enabled by applying a "high" input to pin 1. The output of
this low frequency oscillator switches on and off transistor
TR3 and so flashes a I.e.d. mounted on the dashboard of the
car. R13 serves to limit current through the I.e.d. in the usual
manner. At the same time the output of IC2b also enables a
second oscillator comprising IC2c and d, C4 and C5 which
operates at audio frequency. This output is amplified by TR4
and the warning is given by LS1, which can be a surplus

COMPONENTS .

Resistors
R1 4k7
R2, R3 100k (2 off)
R4-R6, R12, R13 10k (5 off)
R7 270k
R8-R11 1M (4 off)
R14 270
R15 ORP 12(1.d.r.)

Potentiometers
VR 1 4k7 preset

Capacitors
C1

C2, C3
C4, C5

100µ
470n (2 off)
1000p ceramic (2 off)

Transistors and Diodes
TR1-TR3 BC109 (3 off)
TR4 BFY51
D1-03 1N4148 (3 off)
D4 TIL209

Integrated Circuits
IC1
IC2

Miscellaneous
S1
LS1

Printed circuit board

741
4011

d.p.s.t. switch
Telephone earpiece
(or loudspeaker)
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EGG 41

IGN. SWITCH

S1a

LIGHT SWITCH

/S11,

R2
100 k

D1

14
1N 4148

2

R3
100k

Fig. 1. Full circuit diagram

104k TR1 R8 R9

109 1 M

0

1M

C3
4 70 n

R10

1M

C4
1000p

R12
10k

R11

1M

C

1000 p

LED
ti

LS

LINK

1E0461

R13 C2
11.-C

C3

R9 C4
lo<=:24

C5

R14 R11 s<=>.

R10

03

/°v

R 7

11-4 1.-4r

D2
a

I

1 C 1
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R5
11..--4 1-11

D1

11,1 1 14

c

I

I

J- R8
T R 2

R

0-4

11/4',V+

Fig. 2. Component overlay

FP. A A

or-pler-vi 18
EG 45

Fig. 3. Printed circuit

04I

R13

10k

R14
270

LS1
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BC 100

TR 4
BFY51
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telephone earpiece. This part of the circuit is connected per-
manently to the car supply as it is necessary to give a warn-
ing when the ignition is switched off. This will not affect the
car battery as the quiescent current consumption of the
CMOS device is virtually zero. The only point of care here is
that the outputs are taken from pins 4 and 11, as of course
the outputs on pins 3 and 10 are high in the quiescent
condition, and the alarm would operate.

MONITOR CIRCUIT
Now coming to the monitoring section of the circuit, the

level of daylight is monitored by the light dependent resistor
R15. As the level of daylight falls, so the resistance of the
I.d.r. increases until it exceeds the level set by VR 1. This
potential is applied to the non -inverting input of IC1 pin 3.
The potential at the inverting input of ICI is held at half sup-
ply voltage by the potential divider R2 -R3, when the non -
inverting input exceeds this level by a few millivolts, the out-
put at pin 6 will swing high due to the large open loop gain
of IC1. This output is applied via D2 to pin 1 of IC2a to
trigger the warning device. If the lights are now switched on,
this would apply full battery voltage via D1 to the inverting
input of IC1 and thus bring the output at pin 6 low again,
turning off the warning. It will be noticed that this part of the
circuit is fed via the ignition switch, and so will only give a
warning of low light level when the ignition is switched on.
However, if the ignition is switched off when the lights are
switched on, this would turn transistor TR 1 hard on, and
because the ignition is switched off transistor TR2 would be
turned hard off, thus the potential at the emitter of TR 1
would be applied via D3 to the gate IC2a and so trigger the
alarm circuit again. When the lights are now turned off TR1
would then be turned off and so pin 1 of IC2a would be
returned to a low condition by R7 and the alarm would be
disabled. The resistor R1 is included in parallel with the I.d.r.
to prevent its resistance rising significantly above the
maximum setting of VR1, Cl prevents spurious light
changes affecting the circuit by providing a time constant of
one or two seconds.

(News Briefs)
CHERRY -PICKER BOOM BOON

ACOUSTIC emission techniques have afforded the Georgia Power
Company an early warning of failure in the booms of their

overhead maintenance trucks (nicknamed cherry -pickers).
The sophisticated acoustic emission system supplied by Dunegan

Endevco Ltd. listens to the high frequency "cries for help" of the
material under stress, and by using this technique to determine the
useful life of the booms, Georgia Power estimates that it has saved
thousands of dollars in unnecessary "play it safe" scheduled replace-
ments.

I

CONSTRUCTION
All the components are easily obtained and are fairly

cheap; the usual precautions should of course be taken
when handling the CMOS device, and for those readers who,
like myself, actually enjoy etching their own circuit boards, a
p.c.b. layout is provided. Incidentally if it is desired to use a
small loudspeaker instead of a telephone earpiece, then the
link shown on the p.c.b. layout may be removed and a
suitable resistor inserted in place of this. The value would
depend on the impedance of the loudspeaker, but 470 ohms
should be about right for an 8 ohm speaker.

INSTALLATION
The switch Sla-b may be omitted, but would prove useful

for disabling the alarm system in certain circumstances, such
as when the lights are required to be left on for night park-
ing. As mentioned previously the I.e.d. may be mounted in a
prominent position on the dashboard, and LS1 concealed
behind it. However, the I.d.r. is best mounted as near to the
windscreen as possible.

The prototype unit was not mounted in any form of box,
but was fastened to the rear of a convenient insulated panel
with double sided servo tape, which can be obtained frorn
most model shops. The best size is about 13mm wide (+in.)
and 3mm (iin.) thick, and is ideal for mounting small p.c.b.s.
However, if this method is used, precaution should be taken
to ensure that none of the tracks on the p.c.b. can make con-
tact with any metal surface.

The trigger level may best be set by waiting until daylight
has fallen to a level where it is necessary to switch on the
lights, VR 1 can then be adjusted until the unit just begins to
operate.

PE A Volume of
Practical Know-

how
. . . can be made using these new -look self binders for
PRACTICAL ELECTRONICS to become your most
valuable source of reference. With the Easi-Binder
current copies can be inserted as they are received,
without waiting for the completion of twelve issues.
They are attractively made with the title blocked in
gold on the spine with the current (or last) volume
number and year. For any previous volume numbers,
please advise year and volume and a separate set of
gold transfer figures will be supplied.
At £2.85 inc. VAT and postage (£3.45 overseas) they
are obtainable from:

Post Sales Department, I pc Magazines Ltd.
Lavington House, 25 Lavington Street

London SE1 OPF

I enclose P.0./cheque value for binders at
12.85 each (13.45 overseas) for Practical Electronics
Vol. No's
Name

Address

Date PE
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NEXT
MONTH

BUM
MEMORIES

With non-volatile bubble memories no
longer a lab' curiosity, it's time to learn
just how they work. Next month's
article by Dr. P. V. Cooper of Plessey
Microsystems is your chance!

1146(1011 PHASER
With six phase shift networks
this offers improvements in
this most popular of
guitarist's sound effects.

Autoranging

MUMMETER

Full five function capability autoranging
instrument that measures accurately a.c.
and d.c. voltages, current and resistance.

ELECTRONICS
Practical Electronics March 1979 65



VARIABLE
PULSE DELAY

THIS circuit delays a TTL pulse by a
variable time, without altering the

length of the pulse. It was originally
developed to delay trigger pulses between
keyboard and ADSR in a synthesiser, to
produce "repeat" and "double -tracking"
effects, etc.; although other uses are
possible.

Monostable IC I is triggered by the
positive -going edge of the input waveform,
and IC2 is triggered by the negative edge.
The pulse lengths are identical, and con-
trolled by the ganged potentiometer
VR I a/b. The outputs are differentiated
and the short pulses applied to an RS flip-
flop IC3a/d. This is alternately set and
reset, so the output appears as a delayed
version of the input. Note that further
input pulses will be ignored until the first
pulse is output; also that an inverted out-
put is available. Network R I/C 1 ensures
that IC2 is triggered when the power is
applied, so that the flip-flop is reset on
switch -on.

The circuit can provide delays from 5µS
to 30S, depending on the value of C2 and
C3; the accuracy of the output pulse
depends mainly on the matching of
C2/C3. In the prototype, C2 and C3 were
1µ, 10µ and 100µ (tantalum), switch selec-
ted, allowing delays from I mS to 2S.

T. P. Hopkins,
Haywards Heath,

West Sussex.

INPUT

0

R1

lk

IC1

74121

Al

A2 01

...411 0 V

4

3

Al

A2

IC2
74121

B 02

IEP4o1

INPUT

aI

53 I

OUTPUT

110 C2

See text

C3

See text
11

PULSE DELAY TIME

VRla
22k
LIN.

R2
1k5

10n
+5V

VR1b
2 2 k
LIN.

R3
1k5

C5

10n

A selection of readers'
original circuit ideas. It
should be emphasised
that these designs have
not been proven by us.
They will at any rate
stimulate further thought.

Why not submit your
idea? Any idea published
will be awarded payment
according to its merits.

Articles submitted for
publication should con-
form to the usual prac-
tices of this journal, e.g.
with regard to abbrevia-
tions and circuit symbols.
Diagrams should be on
separate sheets, not in-
serted in the text.

Each idea submitted
must be accompanied by
a declaration to the effect
that it is the original work
of the undersigned, and
that it has not been
accepted for publication
elsewhere.

+5V

R6

R4
150

OV

OUTPUT
0

OUTPUT
0

R5 IC3 74132
150

OV
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ULTRASONIC
PROXIMITY
DETECTOR

THIS circuit consists of an ultrasonic
transmitter and receiver in the same

unit and relies on the reflection of the
signal to detect the presence of a nearby
object. As such, it may be used for burglar
alarms, industrial batch counters or to pre-
vent collisions in an electronic robot.

The transmitter consists of a 40kHz
oscillator modulated by a second oscillator
to provide a series of ultrasonic bleeps
from the transducer. The oscillator does
not self -stabilise to 40kHz, so VR3 is
provided to adjust this frequency.

The received signal is amplified by IC4,
and fed to IC2, an NE567 tone decoder.
This responds only to signals of 40k Hz-
adjusted by VR2-having a small
bandwidth. The output of this and the out-
put of IC I are combined, and fed to TR1.

Thus, if an echo is heard by the receiver
during a signal bleep from the transmitter,
TR1 is turned off momentarily. This tran-
sistor has been left open collector in the
circuit diagram, and users should connect
this to suit their own requirements.

VR I controls the duty cycle of IC I, and
should be adjusted to set the maximum
distance at which the circuit will respond.
The supply voltage range is 5V to 9V, and
current consumption is around 40mA.
Although not shown on the diagram, sup-
ply decoupling capacitors should be
included, particularly around the NE567

+9V
0

390k

VR1

100k

R4
22k 6

7

C1
6en

IC1

555
5

C3
10n

R7

330k

R9
100k

4

VR3 I

T R 2

BC108

4k7

1C3 12

6

55

C7
iOn

R12
1k

R13
33k

C8
1n

40kHz
TRANSMITTER

OUTPUT RI

4 k7.

TR1
BC108

19914

95
4k7

4

161914

R2
10k 172

407

IC 2

567

5

VR
1k

R6
2k2

C6

10n 1M

C4  1.C5
T22n 10n

which is rather sensitive to supply noise.
For this reason, attention should be paid to
avoiding earth loops.

40kHz transducers are used since the
higher ultrasonic frequencies are more
directional. However, it is important to

IR10
470k

R12

4k7

R11

470k

C9

40kHz
RECEIVER

XL2

0 OV

ensure that there is no direct sound path
between the transmitter and receiver-
cotton wool or fibre glass wadding are
useful here.

D. F. Akerman,
Coventry.

TRAILER HAZARD
FLASHER MONITOR

MY car was fitted as standard with a
42/84W flasher unit in order to

operate the hazard warning system but
had no provision for the extra warning
light required by law when towing a trailer
and, in my case, owing to a preformed
cable loom, fitting another type would
have been tricky.

The circuit shown can be made in a
couple of hours from common compo-
nents and simply mounted in the boot of
the car. The 1.2W lamp monitor indicates
the operation of the trailer indicators and
should be mounted at the dashboard.

The 0.6 ohm resistors (R 1, R2) are
small lengths of electric fire spiral filament
R3 prevents excessive current through
TR3 at switch on due to low lamp filament
resistance.

Note that this design is for negative
earth vehicles only.

J. B. Farmer,
Melton Mowbray,

Leics.

FROM INDICATOR
SWITCH (LEFT)

FROM INDICATOR
SWITCH (RIGHT)

IEP201

3A

TR1

01

161914

D2
IN 914

TR3

CAR
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SIMPLE to""hrt-ASER

0-
INPUT

0

C1

R10
100k

BC182

R9
10k

+9V

TR1 C2

loon 100k

C3

R2

100k

+9V

CL

R3 4

100k 100k

IC2
741

C5

10n OV 10n 10n
R11

100k
TR2

2 N3819

R15 C7 R16 R17

10k 22u 10k 4k7

R25 C11

-VV4-6q I
4 7k 29

AU. LC. CONNECTIONS
AS 0C1

R12

100k
T R3

2N3819

R5

100k

R13

100k

R6

100k

T R4
2 63819

C6

10n

R7 R8

100k 100k

R14

100k

ICI.
74

TR 5

2N3819

OV

13 19

10k

618
C10

680k

59

TR6 BC182

R27

VR1

10k

R20
33k

+9V

R21
18k

R26
47k

741

R22
100k

R24

R23

SW
22k

I10k C6
741

R2B
18k

VR2

R29 47k

Min

CIRCUITS for phasers are
occasionally described in various

magazines, but they inevitably have disad-
vantages; either they use difficult to obtain
or expensive components, or they are so
complex that they cannot be easily
miniaturised. This circuit uses inexpensive,
readily available components, can be
simply constructed on Veroboard, and will
fit in a die-cast box approximately 4+ x 2+
x 1+ inches.

The input signal is applied to an emitter
follower buffer, and then to four phase -
shifting stages controlled by n -channel

OV

500k !LIN)

f.e.t.s (2N3189s or similar). This gives two
notches in the frequency response; more
(or less) stages could be used if desired.

The phase -shifted signal is mixed with
the original to obtain the phasing effect,
and amplified to the output. A switch is
provided to disconnect the phaser when
not required.

A variable speed triangle wave
generator produces the sweep.

Power is provided by a small 9 volt
battery (PP3). In use, VR1 is adjusted to
give the best sound (a continuous
"whooshing") with a white noise or music

0
OUTPUT
0

source.
The components used are not critical,

although tantalum bead capacitors are
preferred to save space, and other n.p.n.
silicon transistors and n -channel FETs
may be used.

The i.c.s are all 741 discrete types but
they may be replaced by dual or quad
types (e.g. SN72747N, MC3403P) to aid
miniaturisation.

T.P. Hopkins,
Haywards Heath,

West Sussex.

LIVE -WIRE
HE Tive-Wire' is a test of manual
dexterity in which a player tries to

move a wire ring along a thick metal wire,
bent into awkward shapes, without
touching the ring onto the wire. The wire
and loop are normally simply connected to
a battery and bell, but this circuit adds two
refinements. The player has a time limit set
by VR2 (between 16 and 94 seconds in the
prototype), after which the alarm goes off
and there is a sensitivity control.

With the sensitivity at maximum (VR1
at minimum resistance) a brief touch of the
loop onto the wire will trigger the alarm, at
minimum about 4 seconds touching is
needed to trigger it.

When the apparatus is switched on the
timing capacitor C 1 begins charging and
when it reaches about 2/3V44 it triggers the
NE555, connecting the supply voltage to
the load and discharging. VR2 controls the
normal charging rate of the capacitor and
VR1 controls the rate at which it charges
while the loop is in contact with the wire.

TO WIRE
AND LOOP

VR2

91
1k

VR1

50k

4

6

C1 i i C2

-PT

I C1

NE555

700 RLA

2

10n T
C3

091

R2
100k

The alarm is reset by swi ching the
apparatus off and then on again, applying
a negative pulse to pin 2.

R3 in the oscillator is a rather high
value so as to give the alarm a low, loud
sound with low current consumption.

The oscillator could be replaced with a
conventional bell or buzzer but the drain
on the battery would be higher.

TR1

0071

T R2

C4
BC
108

L5 2

30

R3
1M2

IOn

S1

rw
9V

I PP7I

The only cri ical component is Cl,
which should have a low leakage. A tan-
talum capacitor would probably be best,
but a miniature electrolytic works well in
the prototype.

S. Kelly,
C hilwell,

Nottingham.
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220k

1E1,21

ARMED]

DI
TIL 209

TR1

BC108C

IC1a

INTERIOR
LIGHT

o CI R2
47o 1k

115

1k

IC2a

C2

470n
C3
47o

[ALARM]

D2
TIL209

R3
2 2 Ok

qT R2

BC 108C

-wIC1b

R4
1k

R6
1k

R7

1k

R10

10k

CAR INTRUDER ALARM

THIS circuit was devised as a simple
car alarm which did not require an

external de -sense switch. The circuit con-
sists of two parts, the sensor and timer and
the relay drivers.

The circuit operates as follows. When
S 1 is put into the armed position, Cl
begins to charge via R I. This produces a
slowly rising potential at the emitter of
TR1 until after about 5 seconds the
Schmitt's output goes low, and hence the
reset input of the latch formed by part of
1C2 also goes low, so that the output of the
latch will go high as soon as the set input
in made positive.

When the would-be intruder opens the
door, he has set the latch by making the
non earthy end of the interior light go
positive. The latch will not reset until the
hidden arm switch is restored to the safe

RLA1 19 4148
D3 47

CAR
HORN

RLA

TR3

BC1013A

position. When the output of the latch has
gone positive, C3 is charged via R3 until
the output of the second Schmitt
avalanches from high to low. If, however,
the hidden switch is put into the safe posi-
tion, which will reset the latch, C3 will dis-
charge. D I is lit when the output of the
first Schmitt is low, and the latch is not
being continuously reset. C2 prevents
spontaneous triggering by noise on the
line, and R3 holds the set input of the latch
to low if the bulb is blown or if the interior
light is switched off (D 1 is green, D2 red).

When the second Schmitt goes low, the
alarm I.e.d. (D2) lights and the oscillator
using the remaining part of the 7402 starts
oscillating at about 1.4Hz. The frequency
could be much lower than this due to the
tolerance of the electrolytic capacitors (C4
and C5). Should the mute switch be closed,

+5V

0 V

+12V

+ 5 V

D4 FC71 RLEI ACROSS
194148

WIRE

TR6

911

1k

R13

1k

TR4

BC108A

RlB POINTS

TR5

BC 108A

ICI = 7413 }PIN14= +5V
IC2 =7402 PIN 7 = OV

D5

OV

+12V

the coil of RLA 1 will energise and
de -energise at this frequency, sounding the
horn. When point A goes low, apart from
enabling the oscillator, it turns off TR4
pushing the base of TR5 positive through
R I I and RI3. This switches on TR5 and
energises the coil of RLA2, the contacts of
which short out the points so immobilising
the car. D3 and D4 are to protect the
transistors from the transients caused by
the relay coils.

Included is a simple series regulator cir-
cuit which could be used to obtain 5 volts
for the TTL i.c.s. Note the inclusion of D5;
this is to prevent reverse polarity voltage
causing damage to the circuit.

N. J. Bailey,
Yatton,
Bristol.
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(News Briefs)
by Mike Abbott

MICRO' COURSES

TWO TRAINING courses, approved by the Department of In-
dustry under the Microprocessor Application project scheme, are

being run by Bleasdale Computer Systems Ltd. Course attendees will
receive a contribution of £50.00 from the Department of Industry
towards the cost of the course fee.

The Bleasdale courses Introduction to Microprocessors and
Designing Systems with Microprocessors are intended to give the
course attendees a good understanding of the aspects of designing and
building microprocessor based systems. To achieve this, Bleasdale has
designed and developed a range of microprocessor Input/Output units
for use on the course.

The schedule for the 1 week Introduction to the 6800 and the
advanced 2 week course Designing Systems with the 6800 for 1979 is:

Introduction to the 6800
5th Mar 79- 9th Mar 79
7th May 79 -11th May 79
3rd Sept 79- 7th Sept 79

12th Nov 79 -16th Nov 79

Designing Systems with the 6800
12th Mar 79 -23rd Mar 79
14th May 79 -25th May 79
10th Sept 79 -21st Sept 79
19th Nov 79 -30th Nov 79

For further details contact: June Dove, Course Registrar, Bleasdale
Computer Systems Ltd., 7 Church Path, Merton Park, London SW19.
Tel: 01-540 8611.

TAKE OVER
ATAKE OVER of Hacker, manufacturers of portable radios and

music centres, has brought about the move of Hacker production
from Maidenhead to Motoradio's modern plant at Bournemouth, where
a fully equipped after sales and service department is also being
established.

BUBBLE TAKE OVER

NOW available on an off -the -shelf basis from Texas Instruments, is
the Model 765 portable bubble -memory terminal which offers a

unique method of data entry, editing and storage for commercial
applications such as remote sales -order entry, computer time-sharing
systems and newspaper reporting. Because the terminal's bubble
memory retains data even when the power is switched off, information
from a variety of sources can be stored in the terminal for as long as
required, and then transmitted in a single batch over a normal telephone
line using the built-in acoustic coupler.

Unlike other methods of data storage the Model 765's bubble
memory has no moving parts, and requires no external storage media.
In addition, it has specifically been designed for ease of use in the nor-
mal business environment, with a standard typewriter -like keyboard
and simple English -language commands.

. Using TI's Silent 700 thermal -printer technique, the Model 765 is a
full -capability 30 -characters -per -second terminal with a full ASCII
keyboard, a powerful command mode, and a file management system.

Prompting and operator lead -through routines can easily be
developed to allow fast and efficient data entry, and the built-in editing
facility allows on -the -spot correction of data. The terminal transmits
data at 300 baud using the acoustic coupler, or at up to 9600 baud us-
ing an RS -232 serial EIA interface.

Further information from Texas Instriiments Ltd., Digital Systems
Division, Manton Lane, Bedford, MK41 7PA.

POWER SUPPLY BREAKER

WITH essential data being held and processed these days, by elec-
tronic equipment working around the clock, it is vital to know the

degree of immunity a machine has to mains power interruption.
Any engineer who has had the task of ensuring that a system meets

the specification laid down in this respect, will know the problems when
it comes to generating a programme of known interruptions in the
mains power, without purpose-built equipment to do this.

What is described as invaluable in the study and solving of inter-
ference problems, is the NS251 unit from Seltek Instruments Ltd. of
Stanstead Abbotts, Herts. Measuring 430 x 88 x 360mm, the NS251
will simulate breakdowns on a.c. and d.c. power lines. Pre -selection of
the breakdown period is completely independent of the phase of the
power line voltage. Breakdown time is fully adjustable from 1ms to
1,000ms. Both positive and negative trigger can be selected. Triggering
is effected by a manual front panel knob, or may be activated
automatically by an external signal. Two monitor outputs are available
for measurement purposes when using an oscilloscope.

The effective voltage range of the NS251 is 0 to 250V a.c./d.c. with
current to 4A (peak current 40A at 10ms max.). The unit is switched in
series with the power line and the test object or system. Phase range
covers the full 180° and extreme values (90°, 180°) can be adjusted.
Breakdowns for both the positive and negative half cycles are separate
and selectable.

VIDEO LIBRARY

GOING to the pictures today seems synonymous with the long drive
to find a cinema that hasn't been converted to a bingo hall, battl-

ing through the traffic to a rip-off car park, the long open air queue out-
side a multi -studio cinema that's been showing the same films for
months on end, and the "full up" sign. It is with relief that most of us
will witness the first signs of an alternative to this expensive agony. The
chance to watch a feature film with one's feet up in the comfort of one's
own home (perhaps with a few friends), starting when you like, with an
interval when you like, and whatever inexpensive refreshments you may
fancy.

For the first time in the UK, the growing number of video cassette
recorder owners (now estimated to number 25,000), are being offered a
comprehensive software library. Intervision Video now offer over 200
full length feature films, including such titles as Blow out, Sunday In
The Country, and The Happy Hooker as well as films of Chess Master -
class, Angling, Music and other light entertainment.

The service Intervision has launched offers the home video consumer
the opportunity to obtain tapes from either the Intervision Video Club
(basically a mail-order or personal collection service operating from the
company's new headquarters), or through selected dealers throughout
the country who hold copies of Intervision programme cassettes.

Copies are available on all of the popular home video cassette for-
mats, and Intervision have their own in-house videocassette duplicating
facilities, which are claimed the most sophisticated in the country.

Despite the very high investment cost embracing both the equipment
and the acquisition of the legal copyrights, the joint Managing Direc-
tors, Richard Cooper and Michael Tenner, are very confident that the
service is going to be successful. Response so far has been described as
"phenomenal."

Hiring a programme on a one -cassette format such as VCR -LP,
BETAMAX, or VHS costs only £5.95 including VAT for a two day
hire period. Intervision have not lost sight of the hotel, disco and club
market, where a hire charge of £15.95 enables a programme to be
shown to a large nonpaying audience. The company's range of music
programmes featuring such top names as Roberta Flack, Neil Sedaka,
and Donna Summer are much in demand from `discoland'.

Video cassette recorders are not cheap, although significant price
avalanches are forecast, but already it would be feasible to club
together with a group of friends for film evenings. Perhaps the day will
come when new films are like new books and go straight into shops and
libraries, making drunk -dodging on the way home from the cinema a
thing of the past!

More details from Intervision Video Ltd, 102 Holland Park Ave,
London, W11 4UA.
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This Is The
Famous

PLUS 8% V.A.T.

Stop reading about computers and get your hands on one! With
ELF II and our new Short Course by Tom Pittman, you can master
computers in no time at all! ELF II demonstrates all 91 com-
mands an RCA 1802 can execute and the Short Course quickly
teaches you how to use each of the 1802's capabilities.

Elf II's video output lets you display an alphanumeric readout
or graphics on any TV screen or video monitor and enjoy the
latest video games.

But that's not all. Once you've mastered computer funda-
mentals, ELF II can give you POWER with add-ons that are
among the most advanced 'found anywhere. American IEEE
chapters plus hundreds of universities and major corporations
have chosen the ELF II to introduce their students and personnel
to microprocessor computing!

Learn The Skill That May Soon Be Far
More Important Than Your College Degree!

The ability to use a computer may soon be more important to
your earning power than a college degree. Without a knowledge
of computers, you are always at the mercy of others when it
comes to solving highly complex business, engineering, industrial
and scientific problems. People who understand computers can
command MONEY and to get in on the action, you must learn
computers. Otherwise you'll be left behind.

ELF II Is The F -A -S-7 Way to Learn
Computer Fundamentals!

Regardless of how minimal your computer background is now.
you can learn to programme a computer in almost no time at all.
That's because Netronics has developed a special Short Course
on Microprocessor And Computer Programming in non -technical
language that leads you through every one of the RCA COSMAC
1802's capabilities so you'll understand everything ELF II can do.
... and how to get ELF II to do it!

All 91 commands that an 1802 can execute are explained to
you, step-by-step. The text, written for Netronics by Tom Pittman,
is a tremendous advance over every other programming book in
print.

SPECIFICATIONS
The £99.95 ELF II computer features an RCA

COSMAC COS/MOS 1802 8 -bit microprocessor

addressable to 64K bytes with DMA, interrupt,
16 registers. ALU, 256 byte RAM expandable to

64K bytes. professional hex keyboard fully

decoded so there's no need to waste memory
with keyboard scanning circuits, built-in power

regulator. 5 slot plug-in expansion bus (less

connectors), stable crystal clock for timing

purposes and a double -sided, plated -through pc

board plus RCA 1861 video IC to display any

segment of memory on a video

monitor or TV screen along with all
the logic and support circuitry you
need to learn every one of the RCA

1802's capabilities.

ELF II
omputer

Keyed specifically to the ELF 11, it's loaded with "hands on"
illustrations. When you're finished, ELF II and the 1802 will no
longer hold any mysteries for you.

In fact, not only will you be able to use a personal computer
creatively, you'll also be able to understand computing articles in
the technical press.

If you work with large computers, ELF II and our short Course
will help you to understand what makes them tick.

A Dynamite Package For Just £99.95 Plus 8% V.A.T. I
With ELF II, you learn to use machine language - the funda-
mental language of all computers. Higher level languages such as
FORTRAN and BASIC must be translated into machine language
before a computer can understand them. With ELF II you build a
solid foundation in computers so you'll really know what you're
doing no matter how complicated things get.

Video output also makes ELF II unique among computers
selling such a low price. Attached to your TV set, ELF II becomes
a fabulous home entertainment centre. It's capable of providing
endless hours of fun for both adults and children of all ages! ELF
II can create graphics, alphanumeric displays and fantastic video
games.

Only a low cost RF modulator is required to connect ELF II to
your TV's aerial socket I (To order see below.)

ELF II's 5 -card expansion bus (connectors not included) allows
you to expand ELF II as your needs for power grows. If you're an
engineer or hobbyist, you can also use ELF II as a counter, alarm,
lock, thermostat, timer, or for countless other applications.

ELF II Explodes Into A Giant!
Thanks to ongoing work by RCA and Netronics, ELF II add-ons
are among the most advanced anywhere. Plug in the GIANT
BOARD and you can record and play back programmes, edit
and debug programmes. communicate with remote devices and
make things happen in the outside world. Add Kluge Board to
get ELF II to solve special problems such as operating a more
complex alarm system or controlling a printing press. Add 4k
RAM board and you can write longer programmes, store more
information and solve more sophisticated problems.

Expanded, ELF II is perfect for engineering, business, industrial.
scientific and personal finance and tax applications. No other
small computer anywhere near ELF II's low price is backed by
such an extensive research and development programme.

The ELF -BUG Monitor is an extremely recent break-
through that lets you debug programmes with lightening speed
because the key to debugging is to know what's inside the
registers of the microprocessor and, instead of single stepping
through your programme, the ELF -BUG Monitor, utilising
break points, lets you display the entire contents of the registers
on your TV screen at any point in your programme. You find out
immediately what's going on and can make any necessary
changes. Programming is further simplified by displaying 24
bytes of RAM with full address, blinking cursor and auto scrolling.
A must for serious programmers!

Netronics will soon be introducing the ELF II Colour Graphics
& Music System - more breakthroughs that ELF II owners will
be the first to enjoy!

Now BASIC Makes Programming ELF II Even Easier!
Like all computers, ELF II understands only "machine language" -
the language computers use to talk to each other. But, to make
life easier for you, we've developed an ELF II Tiny BASIC. It
talks to ELF II in machine language for you so that you can
programme ELF II with simple words that can be typed out on a
keyboard such as PRINT, RUN and LOAD.

"Ask Not What Your Computer Can Do ...
But What Can It Do For YOU,"

Don't be trapped into buying a dinosaur simply because you can
afford it and it's big. ELF II is more useful and more fun than "big
name" computers that Costa lot more money.

With ELF 11, you learn to write and run your own program-
mes. You're never reduced to being a mere keypunch
operator, working blindly with someone else's predeveloped
software.

No matter what your speciality is, owning a computer which
you really know know how to use is sure to make you a leader.
ELF II is the fastest way there is to get into computers. Order
from the coupon below!

H.L. AUDIO LTD., Dept. PE., 138, KINGSLAND ROAD, LONDON E2 8BY. TEL: 01-739 1582

NOW AVAILABLE FOR ELF II -

CI Tom Pittman's Short Course On Microprocessor & Computer
Programming teaches you just about everything there is to know
about ELF II or any RCA 1802 computer. Written in non -technical
language, it's a learning breakthrough for engineers and laymen
alike. £5.00 post paid!
 Deluxe metal cabinet with plexiglas dust cover for ELF 11.
£2995 plus El .50 p&p.
 RF Modulator for use with TV set. f3.00 post paid.
 GIANT BOARD kit with cassette I/O, RS 232-C/TTY I/O.
8 -bit P I/O, decoders for 14 separate I/O instructions and a
system monitor/editor. £39.95 plus E1.00 p&p.
 Kluge (Prototype) Board accepts up to 36 IC's. £17.00 plus
50p. p&p.
 4k Static RAM kit. Addressable to any 4k page to 64k.
£8.95 plus 50p. p&p.
 Gold plated 88 -pin connectors lone required for each plug-in
board). E5.70 post paid.
 Professional ASCII Keyboard kit with 128 ASCII upper/lower
case set, 96 printable characters. onboard regulator, parity, logic
selection and choice of 4 handshaking signals to mate with
almost any computer.£64.95 post paid.
 Deluxe metal cabinet for ASCII Keyboard. £19.95 plus El -50
p&p.
 ELF II Tiny BASIC on cassette tape. Commands include
SAVE. LOAD, ±, x,+, (1.26 variables A -Z. LET. IF/THEN. INPUT,

SEND TODAY!

PRINT, GO TO, GO SUB, RETURN, END, REM, CLEAR, LIST,
RUN, PLOT, PEEK, POKE. Comes fully documented and includes
alphanumeric generator required to display alphanumeric
characters directly on your TV screen without additional
hardware. Also plays tick-tack-toe plus a drawing game that uses
ELF II's hex keyboard as a joystick, 4k memory required. £1495
post paid.
 Tom Pittman's Short Course on Tiny BASIC for ELF II.
E5.00 post paid.
 Expansion Power Supply (required when adding 4k RAM).
£19.95 plus E2.00 p&p.
 ELF -BUG Deluxe System Monitor on cassette tape.
Allows displaying the contents of all registers on your TV at any
point in your programme. Also displays 24 bytes of memory with
full addresses, blinking cursor and auto scrolling. A must for the
serious programmer! £14.95 post paid.
Coming Soon: A -D, D -A Converter, Light Pen, Controller Board,
Colour Graphics & Music System ... and more!

Call or write for wired prices!

H. L. AUDIO LTD., Dept. RE.,
138, Kingsland Road, London E2 8BY.
Tel: 01-739 1582,
Sole European Distributors for Netronics R & D Ltd., U.S.A.

Yes! I want to run programmes at home and have enclosed:
 £109.56 including postage and V.A.T. for RCA COSMAC
ELF II kit,  £5.94 including postage and V.A.T. for power

supply (required),  £5.95 for RCA 1802 User's Manual.
 £5.95 including postage and V.A.T. for Short Course on
Microprocessor Computer Programming.
 I want mine wired and tested with power supply. RCA
1802 User's Manual and Short Course included for just
81E1410 including postage and V.A.T.

I am also enclosing payment (including postage and VAT.)
for the items checked at the left.

Total Enclosed E

USE YOUR  ACCESS  BARCLAYCARD

Account No.

Signature Exp. Date

CREDIT CARD PHONE ORDERS ACCEPTED 01-7391582

Print Name

Address

L DEALER INQUIRIES INVITED
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SAVBIT
handy solder
dispenser
Contains 2.3
metres approx. of
1.22mm Ersin
Multicore Savbit
Solder. Savbit
increases life of
copper bits by
10 times.
Size 5 58p inc. VAT

For soldering
fine joints

Two more dispensers to
simplify those smaller jobs.
PC115 provides 6.4 metres
approx. of 0.71mm solder
for fine wires, small
components and printed
circuits.

69p inc. VAT

Or size 19A for kit wiring or
radio and TV repairs.
2.1 metres approx. of
1.22 mm solder.
Size 19A 63p inc. VAT

Handy size reels
and dispensers
of the world's finest cored solder
to do a professional job at home

Ersin Multicore Solder contains 5 cores of
non -corrosive flux that instantly cleans heavily

oxidised surfaces and makes fast, reliable
soldering easy. No extra flux is required.

handy size reels of

SA VBIT, 40/60, 60/40
and ALU-SOL solder alloys

These latest Multicore solder reels are ideal for the toolbox.
Popular specifications cover all general and electrical applications,
plus a major advance in soldering aluminium. Ask for a free copy of
'Hintson Soldering' containingclearinstructionstomakeeveryjobeasy.

Ref. Alloy Diam.
Imml

Length
metres
approx.

Use Price
inc. VAT

Size
3

40/60
Tini Lead

1.6 10.0 For economical general
purpose repairs and
electrical joints. £2.16

Size ALU-SOL 1.6 8.5 For aluminium repairs.
4 Also solders aluminium

to copper, brass etc. £2.46
Size

10

60/40
Tin, Lead

0.7 39.6 For fine wires, small
components and printed
circuits. £2.38

Size
12

SAVBIT 1.2 13.7 For radio, TV and
similar work. Increases
copper -bit life tenfold. £2.29

Sole U.K.Sales Concessionaires

Bib Hi-Fi Accessories Limited,
Kelsey House, Wood Lane End
Hemel Hempstead, Herts. HP2 4RQ

Prices shown are recommended retail inc VAT.
From electrical and hardware shops. In difficulty
send direct, plus 20p P Et P. Prices and
specifications subject to change without notice.

SOLDERING Th
FLUX PASTES

'ERSIN' A non -corrosive, rosin based
flux for general and electrical soldering

in conjunction with 'Ersin' Multicore solders.
Ref AF14 48p inc. VAT

'ARAX" For general metal joining in conjunction with 'Arax'
`Multicore solders. Ref RF10 48p inc. VAT}

BIB WIRE STRIPPER
and CUTTER
Fitted with unique 8 -gauge selector and
handle locking device. Sprung for automatic
opening. Strips flex and cable in seconds.

Model 86 97p inc. VAT
Pat. No. 144913

EMERGENCY SOLDER
Self -fluxing, tini lead solder tape that melts with a match.
For electrical and non -electrical applications.

Size ES36 39p inc. VAT

MULTICORE
DESOLDERING WICK

Absorbs solder instantly from tags,
printed circuits, etc. Only needs 40-50

watt soldering iron. Quick and easy to use.
Non -corrosive. Size AB10 97p Inc VA:L}

ECONOPAK
A reel of 1.2mm 'Ersin' Multicore
solder for general electrical use.
Size 13 A £2.59 inc. VAT

A reel of 3mm 'Arax'
Multicore solder for general non
electrical use.

Size 16A £2.59 inc. VAT
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A Following the success of
/i Breadboard '78, r
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Trident Exhibitions announce
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° The second hobby
electronics show f
Information on exhibiting from:
Trident International Exhibitions Limited,
Abbey Mead House, 23a Plymouth Road,
Tavistock, Devon. PL19 8AU.
Telephone (0822) 4671 Telex 45412 TR ITAV

December 4th -8th Royal Horticultural
Hall, Westminster, London SW1

, ze/ //

LISTEN TO THE SECRET
WORLD OF PLANTS

Now in Modular Kit Form, a Biological Amplifier &

Sound Synthesiser in one instrument, the Amazing

Bio Activity
Translator"

* Experience the unique Musical
Form of Plants

* Hear beautiful patterns of sound
created by their natural response

* Compare house plants' reactions
to people - with the distinct tunes
of those outside

* Easy to operate, internal speaker
& batteries

* P.C.B. available as a separate kit,
or assembled and tested

Natural Bio Electric signals, generated
within the plant, are monitored by an
electrode attached to the leaf. When
amplified and filtered, a VCO, VCA ard

other exclusive synthesiser circuits are programmed by the control voltage from
the plant to produce tracking sequences of notes. These follow in pitch, rhythm ard
volume the ever changing signal from the plant. A plant reacts as a total living
system to many stimuli, with a response above that of the natural biological level.
This activity is an indication of their extraordinary sensitivity, which varies from day
to day and plant to plant, producing a fascinating insight into the plant kingdom.

Complete Printed Circuit Kit £13.95

Assembled & Tested Printed Circuit £17.35

Case. Speaker & Hardware Kit £12.30

Complete Assembled & Tested Unit £33.10

Requires 35n speaker. Cl 50 extra
when ordered with kit. D.P. switch
and two 4; volt batteries.

Includes all screws. wire. punched
case Si wood end cheeks.

Requires two 4' volt batteries.
Case size 71 x 51 x 34"

All prices include P & P and VAT. Please allow 21 days for delivery.

JEREMY LORD SYNTHESISERS, (Dept PE4)
52 Becmead Avenue, London SW16 1110
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15-240 WATTS!
HY5
Preamplifier

HY30
15W into 80

HY50
25W into 80

HY120
60W into 80

HY200
120W into 80

HY400
240W into 40

The HY5 is a mono hybrid amplifier ideally suited for all applications. All common
input functions (mag Cartridge, tuner, etc.) are catered for internally, the desired
function is achieved either by a multi -way switch or direct connection to the
appropiate pins. The internal volume and tone circuits merely require connecting
to external potentiometers (not included). The HY5 is compatible with all I.L.P.
power amplifiers and power supplies. To ease construction and mounting a P.C.
connector is supplied with each pre -amplifier.
FEATURES: complete pre -amplifier in single pack multi -function equalisation low noise low
distortion, high overload. two simply combined for stereo.
APPLICATIONS: hi-fi. mixers disco. guitar and organ. public address
SPECIFICATION: Inputs -magnetic pick-up 3mV. ceramic pick-up 30mV tuner 100mV. microphone
10mV. auxiliary 3-100mV input impedance 47k0 at 1kHz Outputs --tape 100mV. main output 500mV
R M.S Active Tone Controls -treble L-12dB at 10kHz bass x I2d8 at 100Hz Distortion -0 1%
at tkHz signal noise ratio 68dB Overload-38dB on magnetic pick-up Supply Voltage- t 16-50V.

Price £6.27 + 78p VAT. P. & P. free
HY5 mounting board B.1. 48p + 6p VAT. P. & P. free

The HY30 is an exciting New kit from I.L.P. It features a virtually indestructible
I.C. with short circuit and thermal protection. The kit consists of I C heatsink.
P.0 board. 4 resistors. 6 capacitors, mounting kit, together with easy to follow
construction and operating instructions. This amplifier is ideally suited to the
beginner in audio who wishes to use the most up to date technology available.
FEATURES: complete kit. low distortion. short. open and thermal protection. easy to build
APPLICATIONS: updating audio equipment guitar practice amplifier. test amplifier. audio oscillator
SPECIFICATION: Output Power -15W R M S into 80 Distortion -0 1% at 15W Input Sensitivity--
500mV. Frequency Response-10Hz-I6kHz - 3dB
Price £6.27 + 78p VAT. P. & P. free

The HY50 leads I L P s total integration approach to power amplifier design
The amplifier features an integral heatsink together with the simplicity of no external
components During the past three years the amplifier has been refined to the extent
that it must be one of the most reliable and robust High Fidelity modules in the World.
FEATURES: low distortion. integral heatsink. only five connections. 7 amp output transistors. no
external components
APPLICATIONS: medium power hi-fi systems. low power disco. guitar amplifier
SPECIFICATION: Input Sensitivity-500mV Output Power -25W R M S Into 811 Load Impedance -
4 -160 Distortion -0 04% at 25W at IkHz. Signal Noise Ratio-75dB Frequency Response- 10Hz-
45kHz - 3dB Supply Voltage- -L 25V Size -105 x 50 x 25mm

Price £8.18 + £1.02 VAT. P. & P. free
The HY120 is the baby of I.L.P.s new high power range. designed to meet the most
exacting requirements including load line and thermal protection this amplifier sets
a new standard in modular design.
FEATURES: very low distortion. integral heatsink load line protection thermal protection five
connections. no external components
APPLICATIONS: hi-fi. high quality disco. public address monitor amplifier. guitar and organ.
SPECIFICATION: Input Sensitivity-500mV Output Power --60W R M S into 81) Load Impedance --
4-1V0 Distortion -0 04% at 60W at 1kHz. Signal Noise Ratio-90dB Frequency Response-lOHz-
45kHz -3dB. Supply Voltage-±35V.Size-114 - 50 x 85mm

Price £19.01 + £1.52 VAT. P. & P. free
The HY200 (now improved to give an output of 120 watts) has been designed to
stand the most rugged conditions such as disco or group while still retaining true
hi-fi performance.
FEATURES: thermal shutdown very low distortion load line protection integral heatsink no external
components.
APPLICATIONS: hi-fi. disco. monitor. power slave. industrial. public address
SPECIFICATION: input Sensitivity-500mV Output Power -120W R M S into an Load impedance -
4 -160 Distortion -0 05% at 100W at 1kHz Signal Noise Ratio -96d8 Frequency Response-10Hz-
45kHz - 3dB Supply Voltage-, 45V Size -114 y 50 x 85mm.
Price £27.99 + £2.24 VAT. P. & P. free

The HY400 is I.L.P s Big Daddy of the range producing 240W into 411' It has been
designed for high power disco or public address applications. If the amplifier is to
be used at continuous high power levels a cooling fan is recommended The amplifier
includes all the qualities of the rest of the family to lead the market as a true high
power hi -fidelity power module.
FEATURES: thermal shutdown very low distortion load line protection no external components
APPLICATIONS: public address. disco. power slave. industrial
SPECIFICATION: Output Power -240W R M S into 411 Load Impedance -4-16f/ Distortion -0 1%
at 240W at 1kHz Signal Noise Ratio-94dB. Frequency Response--10Hz-45kHz - 3dB Supply Voltage
- 45V input Sensitivity-500mV Size -114 100 x 85mm.

Price £38.61 + £3.09 VAT. P. & P. free
POWER SUPPLIES: PSU36-suitable for two HY30s £6.44 + 81p VAT. P. & P. free. PSU50-suitable for two HY5Os £8.18 + £1.02
VAT. P. & P. free. PSU70-suitable for two HY120s 0458 + £1.17 VAT. P. & P. free. PSU90-suitable for one HY200 £15.19 + £1,21
VAT. P. & P. free. PSU180--suitable for two HY200s or one HY400 £25.42 + £2.03. VAT. P. & P. free.

Free post + packing applicable to U.K. only.

TWO YEARS' GUARANTEE ON ALL OUR PRODUCTS
Please supply

I.L.P. Electronics Ltd. Total Purchase price

Crossland House,
Nackington, Canterbury Account number

Kent CT4 7AD
Tel (0227) 64723

I Enclose: Cheque 0 Postal Orders 0 Money Order D'
Please debit my Access account Barclaycard account 

Name and Address

Registered office No 1032630 Signature
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ELECTROMITUE"
FOR A GOOD DEAL BETTER THAN MOST

WE PAY POSTAGE on U.K. C.W.O. orders over £5.00 list
value. Under £5.00 add 25p handling charge.

WE GIVE DISCOUNTS on C.W.O. in U.K. orders - 5% on list
value over £10.00, 10% on list value over £25.00

WE GUARANTEE all goods are brand new, clean and to
specification - no seconds, no surplus.

WE GIVE SERVICE to all orders Carge or small- we use
microfilm order storage, computer processing and double-check
personal supervision.

This monthl___--
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WEDISTRIBUTORS
FOR

ARE NATIONAL

NASCOM
MICROCOMPUTER

KITS

for delivery
from stock. Brochure

and prices on application.

Also full supporting
programme

of Nascom
items.

Enquires
invited. Quantity

discounts to
bona tide traders.

0.2 MICROPROCESSOR
EVALUATION

KIT

1101 the M.6800
Microcomputer -

£175.87 net +MOTOROLA

Two depots to serve you -- one
SOUTH, one NORTH

Written communications and orders
by post to head office Engle field
Green address Dept P E 3

ELECTIINVM LTD

nal

CATALOGUE 9
Yours for the asking
- and it's FREE

Completely revised
and up -dated. 120
pages. Semi-
conductors, I.Cs,
Opto-electronics, Rs,
Cs, materials, etc. etc.
And you'll be delighted
with our comprehensive
three-month stabilised
price list.

Specialist
Mail order
supplies
since
1964

CataloQu

-l-.

NECrewo

28, ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM,
SURREY TW20 OHB
Telephone Egham 3603 Telex 264475
Northern Branch - 680, BURNAGE LANE, BURNAGE,
MANCHESTER M19 1NA(061 1 432 4945

No

TUAC
TRANSISTOR UNIVERSAL AMPLIFICATION CO. LTD.
PHONE 01.672 3137/672 9080
MANUFACTURERS OF QUALITY AMPLIFICATION AND LIGHTING
CONTROL SYSTEMS

NEW FROM TUAC
I

TD 150

7" x 9" x 11" ULTRA QUALITY HIGH POWER 5" x 5" x 2"
New D.C. Coupled Design

AMPLIFIERS
Featuring-Electronic Short Open and Thermal Overload Protection.
Brief Spec.-Input Sensitivity 0775 v. R.M.S. 10.0.8.1 at 25K Ohms.
Frequency Response 20 Hz - 20 KHz. T.H.D. at full power 0-1%.
Hum and Noise -100 dB Relative full output.

T.D. 500 300W
8 Ohms.

into 2 Ohms. 220W into 4 Ohms. 140W into

Power supply P.S.300

T.D.150 150W into 4 Ohms. 100W into 8 Ohms
Power supply P.S. 150

T.D. 150 60 Version 60W into 8 Ohms. 40W into 15 Ohms
Power supply P.S.60
Note-P.S. 300 will drive 2 T.D. 150 amplifiers
All output ratings are H.M.S. continuous sine wave output.

TO ORDER BY POST
Make cheques/P. 0.s payable to TUAC LTD., or quote Access/Barclay Card No (We accept
holders phone orders 01-672 9080.)
Post to-
TUAC LTD., 119 CHARLMONT ROAD, LONDON SW17 9AB.
Send stamp for our free 28 page catalogue of LIGHTING & AMPLIFIER MODULES, etc

£4500
43000

£26.25
£1850

£17.75
£15.50

o ospeet
ELECTRONIC MAIL ORDER

All Full Spec. Devices
TO3 HEAT SINKS Ill Two types of heat sink. Ex -equipment, but conditions as new.Most still contain a power transistor (condition unknown). 'Christmas tree' type, 92 x
66 x 35mm 20p each. Rectangular type 130 x 63 x 32mm 30p each. Please add25p per heat sink post and packing.
PACK Ml Contains two brand new multifunction calculator keyboards. Excellent keyaction. Only £1.00
PACK T2 A high contrast 3+ digit Liquid Crystal wristwatch display with data. Don'tmiss out - only £1.00.
PACK 13 Back in stock again! M M5316 digital alarm clock chip. Still only £2.75including data.
PACK T4 At a new low price, what a bargain. A 0.8" common cathode, 3+ digit, 12hour clock display. Now offered at only 13.95.
PACK S1 25 miniature glass 1 N3470 germanium diodes (600mA, 35v1. All brandnew (at lust 2p each how can you go wrong?) 25 diodes for 50p.
PACK S2 4 x MEU21 programmable unrjunction transistors (P.U.T.). Lots of uses,
long delay timers, oscillators and many more. All brand new. With data and usagesheet. 4 for 50p.
PACK S3 10 x 1N4151 high speed switching diodes. Same as 1N4148, but hashigher P.I.V. 10 for 35p.
PACK P1 With this MM5330 digital voltmeter I.C. we include the data sheet andcircuit diagram to build a high accuracy digital multimeter. Only £3.95.
PACK E2 Calculator style L.C.D. 8 digit with right hand decimal points. Digit height0.33". With data only £2.95.
PACK E3 The same as Pack 52, but has 0.5" high digits. £4.25.
EVER THOUGHT of using 7 segment gas discharge displays as an alternative to LED'S
or LCD's? Gives a nice bright orange display and are comparatively very low in price.
Requires 180v d.c. supply (easily achieved in mains operated projects). All have righthand decimal points and are supplied with data.

PACK E4 0.3" high 1+ digit display. Now only 50p.
PACK E5 a 0.3" high dual digit display. Now only 60p.
PACK E7 a 0.25" high 12 digit display with free socket. £1.50.

PACK DM1 Want to buy 115 quality switching diodes for 50p? These 14pin chipseach contain 23 matrixed diodes. 5 chips for 50p.

All Untested Packs
PACK M4 CALCULATORS III This pack contains a production line reject calculator.
Either repair them (not much wrong with some of them) or strip them for spares. Lots
of accessible goodies inside, approximately 25 transistors, 2 chips, display, case and
detachable keyboard. Such a bargain, you can't go wrong. Only £2.50.
PACK MU1 (Untested -so no guarantee) 2 x Upper half of hand held calculator case
with integral keyboard. Ex -equipment, but believed to be O.K. A gift at only 50p thepair.
PACK DL1 (Untested - so no guarantees) A bumper pack of 30 mixed I.C.'s. You test
them and save f CC's. Could include anything linear or digital. A snip at only £1.00.
PACK El (80% guaranteed good) Contains 5 seven segment LED displays. Digit
height 0.127" with right hand decimal. Common cathode. Still only £1.00.
Your satisfaction is guaranteed or return the complete pack for replacement or arefund.

For free catalogue send stamped addressed envelope.
Postage and packing please add 25p. (Overseas orders add 60p)

CODESPEED, P.O. Box 23, 34 Seafield Road,
Copnor, Portsmouth, Hams., P03 5BJ

Ml& Ilk Ilk Ilk .14&11&
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A breadboard as
big as our ideas.

EXPERIMENTOR 325 £2.54 EXPERIMENTOR 650 £4.70
The ideal Breadboard for 1 chip circuits. Perfect for checking out Microprocessors.
Accepts 8, 14, 16 and up to 22 pin IC's. EXP 650 has 270 contacts including two
Has 130 contact points including two 20 -point bus -bars with 0.6" centres.
10 -point bus -bars. EXPERIMENTOR QUAD BUS

STRIP £3.29 Need more bus -bars, clip
EXPERIMENTOR 600 £7.88 on an EXP 4B and you have four 40 -point

The Breadboard for quick construction of bus -strips with 8-, 12- and 16 -line
Microprocessors and other circuits. address, create data -buses by combining
EXP 600 has 550 contacts including two EXP 4B, Bus Strips.
40 -point bus -bars with 0.6" centres.

No soldering simply plug all
standard components in and out, nickel -
silver contacts allow Breadboard and
components to be used over and over
again without damage.

Adaptable accepts any
component without adaptors or jumper
leads, use 22-30 gauge solid wire for
jumper leads.

Mix and Match large and small
chips in the same circuit. Use 300 series
for smaller and 0.3" pitch DIP's. 600 series
for Microprocessors with 0.6" centre
channel for full fan -out with larger chips.

Smallest to Biggest, remember
CSC's Breadboards "snap -lock" together
so you can start with a small idea and
expand your ideas to as Big a
Breadboarding area as you like.

Easy Permanent Mounting,
using four screws from front or six self -
tappers from rear. Vinyl -insulated backing
lets you fasten to any surface.

EXPERIMENTOR 350 £4.21
EXP 350, specifically designed for the
hobbyist working with up to 3 x 14 DIP
IC's. With 270 contact points including two
20 -point bus -bars the EXP 350 accepts
any size DIP with 0.3" spacing.

Marked Contact Points transfer
component by component from
letter/number position on Breadboard to
finished P.C. Board or Wiring Table.

Ruggedly built of abrasion -
resistant materials that withstand 100°C.

Pick any project that you want to build, or any part
of a project that you want to test or modify.
Count up the number of IC's you need for the
project.
Then simply look up in the box opposite the
Breadboard you require.
If you need more than two bus -bars simply add the
correct number of Quad -Bus Strips. GET
STARTED NOW FOR AS LITTLE AS £2.54.

How to order. Telephone 0799 21682 and give your Access,
American Express or Barclaycard number, and your order will be in

the post that night. Or send your order, enclosing cheque, postal
order, or stating credit card number and expiry date.

For full catalogue showing all CSC products for the engineer and
hobbyist send large S.A.E.

EXPERIMENTOR 300 £7.29
The hobbyists ideal Breadboard, accepts
6 x 14 DIP or 5 x 16 DIP, has 550 contact
points including two 40 -point bus -bars,
accepts any size DIP with 0.3" spacing.

Tailor -Made Breadboards e.g.
a project requires up to 5 x 14 DIP chips
and needs up to six bus -bars. Which to
buy? Easy from the table below select an
EXP 300 plus an EXP 4B, total cost
£10.58.

MODEL NO. NUMBER OF
CONTACT HOLES

IC CAPACITY
(14 -pin DIP's)

UNIT PRICE
(includes Post & VAT)

EXP 300 550 6 £7.29

EXP 600 550 use with 0.6" PITCH DIP's £7.88

EXP 350 270 3 £4.21

EXP 650 270 use with 0.6" PITCH DIP's £4.70

EXP 325 130 1 £2.54

EXP 4B FOUR 40 -point Bus -Bars £3.29

CONTINENTAL SPECIALTIES CORPORATION
Europe, Africa, Mid -East: CSC UK LTD. Dept. 5K
Shire Hill Industrial Estate, Units 1 and 2
Saffron Walden, Essex CB11 3AQ
Telephone Number: SAFFRON WALDEN 21682
TLX 817477

TO ALL TRADERS, MAIL ORDER HOUSES
CONTACT MRS TINA KNIGHT FOR "PROFIT -PACKAGE" DETAILS

IS



the quickest fitting
CLIP ON
capacitive discharge
electronic ignition
in KIT FORM
 Smoother running //
 Instant all-weather starting
 Continual peak performance
 Longer coil/battery/plug life
 Improved acceleration/top speeds
 Optimum fuel consumption.
Sparkrite X4 is a high performance, high quality capacitive discharge, electronic
ignition system in kit form. Tried, tested, proven, reliable and complete. It can be
assembled in two or three hours and fitted in 1/3 mins.
Because of the superb design of the Sparkrite circuit it completely eliminates
problems of the contact breaker. There is no misfire due to contact breaker
bounce which is eliminated electronically by a pulse suppression circuit which
prevents the unit firing if the points bounce open at high R.P.M. Contact breaker
burn is eliminated by reducing the current to about 1/50th of the norm. It will
perform equally well with new, old, or even badly pitted points and is not
dependent upon the dwell time of the contact breakers for recharging the system.
Sparkrite incorporates a short circuit protected inverter which eliminates the
problems of SCR lock on and, therefore, eliminates the possibility of blowing the
transistors or the SCR. (Most capacitive discharge ignitions are not completely
foolproof in this respect). The circuit incorporates a voltage regulated output for
greatly improved cold starting. The circuit includes built in static timing light,
systems function light, and security changeover switch. All kits fit vehicles with
coil/distributor ignition up to 8 cylinders.
THE KIT COMPRISES EVERYTHING NEEDED
Die pressed epoxy coated case. Ready drilled, aluminium extruded base and heat
sink, coil mounting clips, and accessories. Top quality 5 year guaranteed
transformer and components, cables, connectors, P.C.B., nuts, bolts and silicon
grease. Full instructions to assemble kit neg. or pos. earth and fully illustrated
installation instructions.
NOTE - Vehicles with current impulse tachometers (Smiths code on dial RV1I will
require a tachometer pulse slave unit. Price £3.85 inc. VAT. post & packing UK only.

Electronics Design Associates, Dept. PE 10, 82 Bath Street, Walsall,
WS1 3DE. Phone: Walsall 614791

Electronics Design Associates, Dept. PE3
82 Bath Street, Walsall, WS1 3DE. Phone: (9) 614791

Name

Address

Phone your order with Access or Barclaycard

Inc V.A.T.and P.P QUANTITY RE08

X4 KIT £16.65

TACHOPULSE SLAVE UNIT f3.85

Please state polarity pos or neg earth.
Access or Barclaycard No.

Send SAE d brochure on& required.

I enclose chequelPO's for

Cheque No.

RST
VALVE MAIL ORDER CO.

Climax House
Fallsbrook Road, London SW16 6ED

SPECIAL EXPRESS
MAIL ORDER SERVICE

tP tP cp

AA119 010 BCY70 0.15 'MPSA56 0.28 ZTX550 0.16 7405 OT6
AAY30 0.27 BCY71 0.17 ).MPSUO1 036 1N914 0.05 7406 040
AAY32 0.42 BCY72 0.13 'MPSUO6 048 1N916 007 7407 0.40
AAZ13 018 BCZI 1 140  MPSU56 0.49 1N4001 006 7408 0.20
AAZ15 034 BD115 045 NE555 045 1N4002 006 7409 010
AAZI 7 0.27 80121 1.20 NKT401 2.00 1N4003 0-07 7410 0.16
AC107 0.60 BD123 1.20 NKT403 1.73 1N4004 007 7412 026
AC125 0.20 BD124 130 NKT404 1.73 1N4005 0.08 7413 0.32
AC126 0.20 BD131 0.35 0A5 095 1N4006 0.08 7416 0.32
AC127 020 BD132 0.38 0A7 0.56 1N4007 0.09 7417 032
AC128 020 BD135 0.34 0A10 0.60 1N4009 0.06 7420 0.17
AC141 025 80136 034 0A47 0.14 1N4148 0.06 7422 0.20
AC141 K 035 8D137 035 0A70 0.30 1N5400 0.13 7423 0.32
AC142 0.20 80136 040 0A79 030 1N5401 0.13 7425 030
AC142K 030 60139 0.43 0A81 0.30 1544 0.04 7427 030
AC176 020 BD140 044 0A85 030 15920 0.07 7428 043
AC187 010 BD144 2.00 0A90 008 1S921 0.07 7430 017
ACI 88 020 BD181 1.10 0A91 008 2G301 1.00 7432 030
ACY17 0.85 80182 1.18 0A95 008 2G302 1.00 7433 0.36
ACY18 080 BD237 040 0A200 009 2G306 1.10 7437 0.32
ACY19 075 BD238 055 0A202 009 2N404 1.00 7438 032
ACY20 070 BDX10 0.91 0A211 1.00 2N696 025 7440 018
ACY21 075 BDX32 2.00 OAZ200 1.00 2N697 025 7441AN 0.85
ACY39 1.50 BDY20 1.25 OAZ201 1.00 2N698 030 7442 072
AD149 070 BDY60 1.50 OAZ206 100 2N705 1.20 7447AN 0.90
AD161 0.45 BF115 015 OAZ207 1.00 2N706 015 7450 018
AD162 045 BF152 018 0C16 200 2N708 020 7451 018
AF106 045 SF153 020 OC20 2.50 2N930 0.20 7453 0.18
AF114 0.35 BF154 0.17 0C22 2.50 2N1131 0.26 7454 018
AF115 0.35 BFI 59 0.23 0C23 2.75 2N1132 0.26 7460 0.18
AF116 0.35 BF160 0.16 0C24 300 2N1302 0.36 7470 0.35
AF117 035 BF167 0.20 0C25 0.90 2N1303 035 7472 0.33
AF139 040 BF173 0.20 ' 0C26 090 2N1304 0.45 7473 0.36
AF188 1.20 BF177 0.24 0C28 2.00 2N1305 045 7474 0.40
AF239 0.45 BF178 0.24 0C29 2.00 2N1306 0.50 7475 0.54
AFZ11 2.75 BF179 025 0C35 1.50 2Nt307 0.50 7476 0.40
AFZ12 2.75 BF180 030 0C36 1.50 2N1308 0.55 7480 055
ASY26 040 BF181 0.30 0C41 080 2N1309 055 7482 076
ASY27 0.40 8E182 030 0C42 0.75 2N1613 025 7483 0.90
ASZ15 1.25 BF183 0-25 0C43 2.25 2N1671 1.50 7484 1.00
ASZ16 1.25 BF184 025 0C44 060 2N1893 025 7486 0.35
A5217 1.25 BFI 85 025 0C45 0.55 2N2147 1.75 7490 0.52
A5220 1.60  8F194 0.09 0071 055 2N2148 1.65 7491AN 0-80
A522 1 2.00  8F195 0.09 0072 0.55 2N2218 025 7492 060
AU110 1.70 111F196 0.10 0073 1.00 2N2219 0-24 7493 0.60
*AU113 1.70  BF197 0.12 0074 065 2N2220 0.18 7494 0-80
AUY10 1.70 BF200 027 0075 065 2N2221 018 7495 0.72
BA145 013 .13F224 010 0076 0.55 2N2222 018 7496 0.80
BA148 0.13 BF244 028 0077 1.20 2N2223 2.75 7497 3.00
BAI 54 009 BF257 024 0081 0.65 2N2368 0.17 74100 150
BA155 010 BF258 0.28 0081Z 1.20 2N2369A 0.21 74107 0-45
BA156 045 BF259 0.32 0082 0.65 2N2484 0.20 74109 0.70
BAW62 0.05 BF336 0.30 0083 0.65 2N2646 0.55 74110 0.50
8AX13 0.06 BF337 0-30 0084 0.65 2N2904 025 74111 070
BAX16 0.08 BF338 0.31 0C122 1.50 2N2905 025 74116 1.75
BC107 0.12 8E521 3.96 0C123 1.75 2N2906 021 74118 1.00
8C108 012 BFS28 2.23 0C139 2.25 2N2907 0.21 74119 1.50
BC109 0-13 'BFS61 020 0C140 2.75 *2N2924 0-21 74120 083
).E3C113 0.12  8 FS98 020 0C141 3.25 .2N2925 0-22 74121 040
13C114 0.13 BFVV10 ass 0C170 1.00 2N2926 014 74122 0-60
).E1C115 0.14 BFVV11 045 OC 1 71 1.00 2N3053 025 74123 1.00
.13C116 0.15 BFX84 022 0C200 1-50 2N3054 050 74125 055
13C117 0.17 BFXB5 0-23 OC201 1.75 2N3055 0.70 74126. 0.55
.13C118 010 BFX87 0.21 OC202 1.75 2N3440 060 74128 060
BC125 0.18 BFX88 0.21 OC203 1.75 2N3441 040 74132 0.70
6C126 0.20 13FY50 0.26 OC204 2.50 2N3442 1.10 74136 0.55

.BC135 014 BFY51 0.26 0C205 2.50 2N3525 0-80 74141 080
BC136 0.15 BFY52 Q26 0C206 2.50 2N3614 1.50 74142 2.30
`EIC137 0.15 BFY64 0.26 OC207 1.75 2N3702 0-11 74143 240
.130147 0.09 BFY90 1.25 OCP71 1.26 .2N3703 0.13 74144 2-50
BC148 008 65X19 0-21 ORP12 0.75 2N3704 0.13 74145 0-90
BC149 0.09 BSX20 020 -R200813 1.75 .2N3705 0.13 74147 2-00
.BC157 0.09 BSX21 0.20 ..132009 215 .2N3706 0-13 74148 1.75
*FIC158 0.08 8T106 1.25  R201013 1.75 *2N3707 0.13 74150 1.80
.)13C159 010 BTY79/4 3-19 TI C44 030 2N3708 010 74151 045
ol3C167 0.12  BU205 1.75 T1C226D 1.20 2N3709 013 74154 1.75
BC170 0.11  BU206 225 TI L209 0.20 2N3710 010 74155 0.85
BC171 0.10 13U2013 2.00 *T1P29A 041 2N3711 010 74156 0.85
BC172 0-10 BY100 0-45 YT1P30A 044 2N3771 1.75 74157 0.75
BC173 0-12 81126 0.14 TI P31A 045 2N3772 2.00 74159 2.10
BC177 0-15 BY127 0-15 T1P32A 048 2N3773 3.00 74170 2-30
BC178 0.14 BZX61 018 T1P33A 049 2N3819 0.35 74172 440
BC179 0-16 Series T1P34A 0-73 2N3820 0.45 74173 1.40
BC182 0-11 BZY88 0-13 T1P41A 0.53 2N3823 0-55 74174 1.50
BC183 0.10 Series T1P42A 070 .2N3866 0-72 74175 0-90
8C184 0-11 CR51/05 045 TI P2955 0.57 .2N3904 013 74176 1.10
BC21 2 0.13 CRS1/40 080 T1 P3055 046 .2N3905 013 74178 1.25
BC21 3 0-12 CRS3/05 0.45 T1S43 0.45 '2N3906 013 74179 1.25
BC214 0.15 CRS3/40 0-75 Z5140 026 *2 N4058 0-14 74180 1.15
BC237 0.09 CRS3/60 0.90 Z5170 0.21 .2N4059 010 74190 1.50
BC238 012 GEX66 1.60 Z5178 0-54 `2N4060 012 74191 .1.50
BC301 0.25 GEX541 1.75 Z527I 0.23 2N4061 0.12 74192 1.35
80303 0-24 GJ3M 075 ZS278 0.57 '2N4062 013 74193 1.35
BC307 0.10 GJ5M 0.75 ZTX107 0-11 '2N4124 0.15 74194 1.25
*13C308 0.70 GL7M 075 ZTX108 0.10 .2N4126 015 74195 100
43C327 020 GM0378A 1.75 ZTX109 012 .2N4286 010 74196 1.20
.13C328 0.18 KS100A 0.45 ZTX300 0.12 '2N4288 012 74197 1.10
13C337 018 MJE340 080 ZTX301 0.13 .2N42139 0.24 74198 2.25
*BC338 0.17 MJE370 1.17 ZTX302 015 .2N5457 035 74199 2.25
BCY30 1.00 MJE371 0.61 ZTX303 0.17 2N5458 0.35 76013N 175
BCY31 1.00 MJE520 042 ZTX304 019 .2N5459 0.35
BCY32 1.00 MJE521 0.55 ZTX311 0.12
BCY33 090 MJE2955 1.25 ZTX314 020 INTEGRATED
BCY34 090 MJE3055 075 ZTX500 013 CIRCUITS
BCY39 3-00  MPF102 030 ZTX501 0.14 7400 pi 6 Plug!' in socket
BCY40 1.00  M PF103 030 ZTX502 0.16 7401 016 -low profile
BCY42 0.25 -MPF104 030 ZIX503 0.17 7402 01e 8 pin OIL 0.15
BCY43 025  MPF105 030 ZTX504 0.20 7403 0.18 14 pin DIL 0.15
BCY58 0.16 '  M9SA06 0.24 ZTX531 0.20 7404 017 16 pin OIL 0.17

Open daily to callers: Mon. -Fri. 9 a.m.-5 p.m.
Valves, Tubes and Trans stors Closed Saturday Prices correct

Terms C.W.O. only Tel. 01-677 2424-7
Quotations for any types not listed S.A.E. when going

Post and Packing 25p per order + 8% V.A.T. to press
Items marked * 12i%
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GLOUCESTER
INDUSTRIAL SALES AND

AUCTIONS LIMITED
Eastington Trading Estate, Nr. Stonehouse, Glos.

Tel: Stonehouse 4118
(M.5 Motorway - Exit No. 13)

We hold regular monthly auction sales
of mostly new electronic and electrical
goods consisting of transistors, triacs,
integrated circuits, diodes, capacitors
and resistors, together with fractional
motors, transformers, power packs, etc.;
etc.

Next auction 27th March 1979.

Phone or write to be put on our auction
mailing list.
Why not get in touch with our Mr. Jack
Bailey and enquire about our terms for
the disposal of your surplus stocks, etc.,
through our auctions.

FLADAR
DUAL

TRANSFORMERS

VOLTAGE

PRIMARY 220-240 50HZ.
ALTERNATIVE SECONDARY VOLTAGE AND CURRENT
AVAILABLE BY SERIES OR PARALLEL CONNECTION

Type Voltage Cu rent C p/p Type Voltage CurrentC p/p

06FE06 6+6 0.5A EACH 1.50 50p 20FE24 24+24 0.4A EACH 2.60 70p
08FE06 6+6 0,6A EACH 1.80 50p 50FE24 24+24 0.8A EACH 3.10 70p
12FE06 6+6 1A EACH 2.00 60p 60FE24 24+24 1.2A EACH 3.60 85p
20FE06 6+6 1.6A EACH 2.60 70p 80FE24 24+24 1.5A EACH 4.50 100p
50FE06 6+6 3A EACH 3.10 70p 50FE28 28+28 0.75A EACH 3.10 70p60FE06 6+6 4A EACH 3.60 85p 60FE28 28+28 1.1A EACH 3.60 85p

06FE09 9+9 0.3A EACH 1.50 50p 80FE28 28+28 1.4A EACH 4.50 100p
08FE09 9+9 0.5A EACH 1.80 50p 20FE30 30+30 0.35A EACH 2.60 70p
12FEO9 9+9 0.75A EACH 2.00 60p 50FE30 30+30 0.75A EACH 3.10 70p
20FE09 9+9 IA EACH 2.60 70p 60FE30 30+30 IA EACH 3,60 85p
50FE09 9+9 2.5A EACH 3.10 70p 80FE30 30+30 1.2A EACH 4.50 100p
60FE09 9+9 3A EACH 3.60 85p

MULTI -TAP RANGE, VOLTAGE
06FE12 12+12 0.25A EACH 1.50 50p AVAILABLE 3, 4, 5, 6, 8, 9, 10, 12, 15, 18,
08FE12 12+12 0.3A EACH 1.80 50p 12-0-12 OR 15.0-15
12FE12
20FE12

12+12
12+12

0.5A EACH
0.8A EACH

2.00
2.60

60p
70p 30FE30 °-12-1524-30 1A 3.40 70p

50FE12
60FE12

12+12
12+12

2A EACH
2.5A EACH

3.10
3.60

70p
85p 60FE36 0-12-1524-30 2A 3.70 85p

80FE12 12+12 3A EACH 4.50 100p 80FE36 0-12-15
24-30

.,

"'"' 4.50 100p
06FEI 5
08FE15

15+15
15+15

0.2A EACH
0.25A EACH

1.50
1.80

50p
50p 100FE40 0"2-15

24-30 4A 5.60 115p
12FE15 15+15 0.4A EACH 2.00 60p
20FE15 15+15 0.6A EACH 2.60 70p CENTRE TAP SECONDARY
50FEI 5 15+15 1.6A EACH 3.10 70p FE06 6-0-6 IA EACH 2.00 60p
60FE15 15+15 2A EACH 160 85p FE09 9-0-9 IA EACH 2.60 70p
80FE15 15+15 3A EACH 4.50 100p FEI 2 12-0-12 IA EACH 2.60 70p

FE 15 15-0-15 IA EACH 3.10 70p
06FE20 20+20 0.15A EACH 1.50 50p FE20 20-0-20 lA EACH 3.10 70p
08FE20 20+20 0.2A EACH 1.80 50p 60FE52 26-0-26 1A EACH 3.60 100p
12FE20 20+20 0.25A EACH 2.00 60p 60FE28 28-0-28 1A EACH 3.60 100p
20FE20 20+20 0.5A EACH 2.60 70p 60FE60 30-0-30 1A EACH 3.60 100p
50FE20 20+20 1.2A EACH 3.10 70p 100FE26 26-0-26 2A EACH 5.15 115p
60FE20 20+20 1.5A EACH 3.60 85p 100FE30 30-0-30 2A EACH 5.15 115p
80FE20 20+20 2A EACH 4.50 100p 100FE36 36-0-36 2A EACH 5.15 115p

CHARGER TRANSFORMER AIR CORED AUDIO CROSS OVER COILS
48FE12 0-6-12 4A 3,10 70p FE01 0.1mH 0.26 20p
66FE12 0-6-12 5A 3.80 85p FE03 0.3mH 0.26 20p
7OFE12 0-6-12 6A 4.86 100p FE05 0.5mH 0.30 20p
08FE24 24+24 0.15A EACH 1.80 50p FE10 I.0mH 0.60 25p
12FE24 24+24 0.2A EACH 2.00 60p FE26 2.0mH 0.75 30p

TRADE ENQUIRIES PAYMENT TERMS:
FLADAR ELECTRIC WELCOME C.W.O. Cheques,
P.O. BOX 19
WESTCLIFF-ON-SEA PLEASE ENQUIRE Postal Orders

Please Add 8% VAT
ESSEX. 0702-613314 FOR OTHER TYPES

NOT SHOWN After post & packing.

GREENWELD
443

SO1
All prices
25p UK/BFPO
despatched
enquiries
VALUE £1.

invoice
enquiries
available

com-

Millbrook
OHX

quoted
Postage.

on day
please.

Official

Road Southampton
Tel:(0703) 772501

include VAT. Add from schools, etc. (Minimum
Most orders charge £51. Export/Wholesale

of receipt. SAE with welcome. Wholesale list now
MINIMUM ORDER for bona -fide traders. Surplus

orders accepted ponents always wanted.

OSCILLOSCOPES NIXIE TUBES
We have available from stock the following ITT Type GNP7AH. Supplied with data 60p
SCOPEX models: 4D10A - DC-10MHz; each
lOwV sensitivity; Stab Power supplies; Dual 7-seg display, wire ended tube NEC type
beam; 3% accuracy; Excellent value at £214 LD8012 I" high, with data 65p
inc VAT and Carr. 7-seg display, (as above) Futaba type DG -
456 - DC-6MHz; 10mV sensitivity. Ideal 10010,3" char. 70p with data
portable scope. Solid state circuitry. All for
£150 inc VAT and Carr. PUSH BUTTON BANKS

Illustrated list of types from 305 in our
R E LAYS Bargain List No 6 - Send SAE.

W847 Low profile PC mntg 10 x 33 x 20mm
6V coil, SPCO 3A contacts. 93p BC182B OFFER
W817 11 pin plug in relay, rated 24V ac, but Special Offer for quantity users lk .035 VAT;works well on 6V DC. Contacts 3 pole c/o 5k .032 VAT. Price negotiable on 10k.rated 10A. 96p

iW839 50V ac (24V DC) coil. 11 pin plug n pA prox 70k available.

type. 3 pole c/o 10A contacts Only 85p
W846 Open construction mains relay. 3 sets DIODE SCOOP!!!
10A do contacts, £1.20 We have been fortunate to obtain a large
W877 675R 12-27V DPCO 23 x 20x lOmm quantity of untested, mostly unmarked glass
sealed can Sep silicon diodes. Testing a sample batch
W880 230V ac DPCO 10A contacts, en- revealed about 70% useable devices - signal
closed case £1.30 diodes, high voltage rects and zeners may all
W830 2005 6-12V DPCO 23 x 20 x 10mm be included. These are being offered at the
sealed can 88p incredibly low price of £1.25/1000 - or a bag
Send SAE for our relay list - 84 types listed of 2500 for £2.25. Bag of 10,000 £8. Box of
and illustrated. 25,000 £1750. Box of 100.000 £60.

Disc Ceramic caps - big variety of values and
AMPLIFIER KIT £1.75 voltages from a few pF to 2.2uF: 3V to 3kV.

Mono gen. purpose amp with tone and 200 for £1; 1000 £4.
Vol/on-off controls. Utilizes sim. circuitry to
above amp. Output 2W into 8 ohms. Input PC ETCHING KIT MK III
matched for crystal cartridge. 4 transistor Now contains 200 sq. ins. copper clad board,
circuit. Simple to build on PCB provided. Can 1lb. Ferric Chloride, DALO etch -resist pen,
be either battery or mains operated. (For abrasive cleaner, two miniature drill bits,
mains powered version add £2.20 for suit- etching dish and instructions. £4.25
able transformer.) Blue vinyl covered
aluminium case to suit (W372) £130

RESISTOR PACK
BUY A COMPLETE

Carbon Film 5% mostly IW, few IW RANGE OF
resistors. Brand new, but have preformed
leads. ideal for PC mntg. Wide range of mixed
popular values at the unrepeatable price of COMPONENTS AND
£2.50 per 1000: f11 per 5000.

DIN SOCKET OFFER
THESE PACKS WILL

2 pin switched speaker socket, PC mounting; HELP YOU
.

tixFinAll1/t3h0:saPmCempnrg or anychassis 1rrdnftr (Alp,

25 for £1.60 100 for75.5. * SAVE ON TIME -No delays in
waiting for parts to come or

TMS4030 RAM shops to open!
4096 bit dynamic RAM with 300ns access
time; 470ns cycle time; single low * SAVE ON MONEY -Bulk buying
capacitance high level clock Up; Fully TTL
compatible; Low power dissipation. Supplied means lowest prices -just
with data f275 compare with others!

MISCELLANEOUS IC's * HAVE THE RIGHT PART -No
Supplied with data if requested. MC3302 guesswork or substitution
quad comp. 120p; 710 dill comp. (T099) necessary!
40p: ZN1034E precision timer £2.25;
LM711 Dual dill comp 65p: LM1303 dual
stereo pre -amp 75p; MC1469R voltage rey ALL PACKS CONTAIN FULL SPEC, BRAND£1.50; UPC1025H audio £3.50; 575C NEW, MARKED DEVICES- SENT BY
audio 12.88; TDA2640 audio 02.92; RETURN OF POST. VAT INCLUSIVE
SN75110 dual line driver 70p: MC8500
CRCC gen POA

PRICES.

K001 50V ceramic plate capacitors. 5%. 10
of each value 22pF to 1000pF. Total 210,

EDGE CONNECTORS E335
Special purchase of these 0.1" pitch double- K002 Extended range, 22pF to 0.16F. 330
sided gold-plated connectors enables us to values £4.90
offer them at less than one-third of their K003 Polyester capacitors, 10 each of these
original list price, values: 0.01, 0.015, 0.022, 0.033. 0.047,
32 way 72p; 40 way 90p 0.068, 0.1, 0.15, 0-22, 0.33. 0.47pF. 110

Vtogether for E4.79

HEAT SINK OFFER
004 Mylar capacitors, min 100V type. 10

each all values from 1000pF to 10.000pF.
Copper TO5 sink 17mm dia x 20rnm 10 for Total 130 for £3.75
40p; 100 for £3; 1000 for £25 K005 Polystyrene capacitors, 10 each value

from 10pF to 10.000pF, E12 series 5%
160V, Total 370 for £12.30

74 SERIES PACK K006 Tantalum bead capacitors. 10 each of
the following: 0.1, 0.15 0.22, 0.33, 0.47.Selection of boards containing many different

74 series IC.s. 20 for £1; 50 for E2.20; 100 068, 1, 2.2, 3.3. 4.7. 6.8, all 35V; 10/25
for £4. 15/16 22/16 33/10 47/6 100/3. Total 170

tants for £14.20
K007 Electrolytic capacitors 25V working.

THE NEW 1978-9 small physical size. 10 each of these popular
values: 1, 2.2, 4.7. 10, 22, 47, 1006F. Total
70 for £3-50

GREENWELDK008 Extended range, as above, also includ-
ing 220 470 and 1000uF. Total 100 for
£5.90'

CATALOGUE K021 Miniature carbon film 5% resistors.
CR25 or similar. 10 of each value from 105

FEATURES INCLUDE: io i M. El2 series. Total 610 resistors, £6.00
son Extended range. total 850 resistors
from 1R to 10M £8.30 50p Discount Vouchers K041 Zener diodes, 400inW 5% BZY88, etc.

 Quantity prices for bulk 10 of each value from 2.7V to 36V, E24
series. Total 280 for £15.30.

buyers K042 As above but 5 of each value E8.70

 Bargain List Supplement TRANSFORMERS
All mains ,primary: 12-0-12V 5OmA 85p;

 Reply Paid Envelope 100mA 95p; to E2.50. 6-0-6V 100mA
85p; lIA £2.40. 9-0-9V 75mA 85p; IA

 Priority Order Form £2.10. Multitapped type 0 12 15 20 24
30V, 1A £3.95; 2A £5.35; 3A £6.90. 20V

 VAT inclusive prices 2°A £3.90; 25V 1IA £2.25; 12V BA £4;
24V 5A £7.50; 0 22 34 41V 4A £7.50;

PRICE 30p + 15p POST 20V @- 300mA twice £2.50;
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THE NEW
EUROBREADBOARD

Logically laid out to accept both 0.3" and 0.6" pitch DI L packages
as well as Capacitors, Resistors, LED's, Transistors and components
with leads up to .85mm dia.

500 individual connections in the central breadboarding area,
spaced to accept all sizes of DI L package without running out of
connection points.

4 Integral Power Bus Strips around all edges for minimum inter-
connection lengths.

Double -sided, nickel silver contacts for long life (10K insertions)
and low contact resistance (< 10m.ohms)

Easily removable, non -slip rubber backing allows damaged contacts
to be rapidly replaced.

What other breadboarding system has as many individual contacts,
offers all these features and only costs £5.80 inclusive of VAT and
P.P. - NONE.

At £5.80 each The EuroBreadBoard is unique value for money.
At £11 for 2 The EuroBreadBoard is an indispensable design aid.

Snip out and Post
David George Sales, rt., 74 Crayford High St., Crayford, Kent, DA I 4EF

David George Sales
r/o 74 Crayford High Street,
Crayford, Kent, DA1 4EF.

Please send me 1 EuroBreadBoard @ £5.80 CI Please
or 2 EuroBreadBoards @ £11.00  Tick

(All prices include VAT and P.P., but add 15% for
overseas orders).

Name

Company

Address

Tel. No. PE/3/79

I

I
II

CHINAGLIA DINO-ELECTRICAL AND ELECTRONIC
TEST EQUIPMENT MANUFACTURERS

THE

DOLOMITI
20kCIN a c and d.c.

A NEW HIGH SENSI-
TIVITY MULTIMETER
WITH ALL THE FEA-
TURES YOU WILL
EVER NEED

Accuracy: D.C. ranges, t2 0%. A.G. & fl ranges 1: 2-5%.
39 ranges: d.c. V. 0.150mV. 500mV, 1 5V, 5V, 15V. 50V, 150V, 500V. 1. 5kV.

d.c.1, 0 50pA, 500uA. 5mA. 50mA, 0 5A, 5A. a.c. V. 5V, 15V. 50V.
150V. 500V. 1- 5kV. a.c.I. 5mA. 50mA. 0 5A. 5A. dB - 10 to 65 in
6 ranges. fl 005kn, 5kfl. 50kf1. 5001al. 5Mfl. 50Mn. pF 50kpF,
500kpF

Automatic overload protection and high current range fusing.
Scale mirror and fine pointer for accuracy of reading. Single knob main
range switching and all panel controls. C.E.I. Class 1 movement with sprung
jewel bearings. Extended 92mm scale length for extra clarity. Compact ABS
case 125 x 131 x 37mm. Weight 750g with batteries. Supplied complete with
carrying case, fused leads. handbook and full 12 -month guarantee. Optional
30kV d.c. probe available

Meter £50.00 incl. VAT (£1 P. & P.)
30kV Probe £12.85 incl. VAT
For details of this and the many other exciting instruments in the Chinaglia
range. including multi -meters. component measuring. automotive and
electronic instruments please write or telephone.

Instruments Ltd.
19 MULBERRY WALK. LONDON SW3 6D2 TEL 01-352 1897

LOOK!
New 12""
Monitor
for your Micro
or CCTV application Available

Uncased £60 cased or

Cased £85 uncased
for OEM's

The above prices are for 1 off orders (plus VAT)

6800 Based Tin
INCLUDING

Tiny Basic and

Micro ComputeronProgrammer

now available - KIT £220
Power Supply £20 extra (+VAT)

(plus VAT)

CROFTON
ELECTRONICS LIMITED
35 GROSVENOR ROAD, TWICKENHAM

Please make cheque/P.O.'s payable to David George Sales
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TRANSI
TYPE PRICE
AC107 0.23

AC125 0.17

AC126 0.17

AC127 0.16

AC127K 023
AC128 0.14

ACI28K 0.25
AC128/1760.42

AC142 0.18

AC153 0.55

AC158 0.50

AC176 0.16

AC187 0.50

AC187K 0.55
AC188K 0.55
ACY20 1.02

ACY22 1.02

A0142 0.87

AD143 0.87

AD149 0.65

AD161 0.35

ADI61/1620.70
AD I 62 0.35

AD262 0.36

AD263
ADY26
ADZ11
AFI 06

AF109R
AF124
AF125
AF126
AF127
AFI 39

AF178
AF179
AF200
AF201
ASY73
ASZ15
ASZ16
ASZ17
AU103
AU107
AU110
AU210
BC107
BC1074
BC1078
BC108

0.36

4.74

4.05

0.45

0.36

0.25

0.25

025
025
0.32

030
030
0.36

039
030
0.60

0.60
0.60

0.90
1.00

0.90

0.90

0.06

0.07

0.07

0.06

STORS
BC1084 0.07
BC108 0.07
BC109 0.06

BC109B 0.07

BC109C 0.07

BC113 0.12

BC114 0.15

BC116 0.13

BC117 0.15

BC118 0.12

5C119 025
8C125 0.15

BC125B 0.16

BC126 0.15

BC136 0.15

BC137 0.15

BC138 0.30

BC140 027
BC141 0.29

BC142 020
BC147 0.06

BC1478 0.07

BC148 0.06

8C148A 0.07

BC148B 0.07

BC149 0.06

BC157 0.06

BC157A 0.07

BC158 0.07

BC158A 0.08
BC158V1 0.09
BC159 0.06

BC159A 0.07

BC159B 0.07

BC161 025
BC167 0.06

BC168 0.06

BC169 0.06

8C17013 0.07

BC170C 0.07
BC171 0.06

BC171A 0.07
BC171B 0.07
B172 0.06

BC172A 0.07
BC1728 0.07

BC172C 0.07
BC173 0.06

BC173B 0.07
BC1746 0.07
BC177A 0.12

BC177B 0.12

BC178B 0.12

BC179 0.12
BC182A 0.09
BC182B 0.09
BC183A 0.09
BC183LA 0.09
BC183L8 0.10
BC184 0.08

BC184L 0.09

BC184LB
BC186
BC187
BC204
BC2048
BC206
BC206B
BC207
BC209B
BC212A
BC2 1 3L

BC214L
BC237

0.10

0.19

0.19

0.08

0.09
0.10
0.11

0.10

0.09

0.10
0.10

0.10

0.15

BC237A 0.16
BC237C 0.21

BC238 0.15

BC2388 0.16

BC238C 0.18

BC251A 0.15

BC2518 0,17

BC252A 0.15

BC252B 0.17

BC252C 020
BC258 020
BC261A 0.10
BC262 020
BC267A 0.21
BC267B 0.22
BC268 0.21

BC304 025
BC307 0.15

BC307A 0.15

BC307B 0.15

BC308 0.15

BC309A 0.15
BC317B 0.15

8C322 0.10

BC327 0.16

BC328 0.16

9C337 0.18

BC338 0.16

13048A
BC350A
BC441
BC461
8C546
BC547
BC547A
BC547B
BC547C
BC548A
BC548B
BC548C
BC549A
BC5498
BC550
BC557
BC557A
BC557B
BC557C
BC558
BC558A
BC558B
BC559B
BCY42
BCY58
BCY71
BCY72
BD115
50116
BD123
50128
BD131
8D133
BD135
BD136
BD137
BD138
80139
BD140
BD144
BD168
BD178
BD181
50183
BD232
80233
BD234
BD235
BD236
BD237
BD238
BD434
BD507

0.15

0.17

0.20

0.24

0.10

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.11

0.55

0.20

0.13

0.13

0.30

0.30

0.60

1.02

0.35

0.40

0.30

0.30

0.30

0.30

0.30

0.30

0.30

0.50

0.72

1.32

1.50

0.60

0.60

0.60

0.40

0.40

0.40
0.40

0.40

0.50

80508
BD518
BD537
BD587
BDX32
BDY16
BDY20
BF115
BF121
BF123
BF125
BF127

BF137
BF152
BF154
BF157
BF158
BF167
BF173
BFI 74

BF177
BF178
BF179
BF180
BF181
BF182
BFI 83

BF184
BF185
BF194
BF194A
BFI 95

BF195D
BF195G
BF196
BF197
BE198
BF224
BF253
BF254
BF255
BF257
BF258
BF259
BF324
BF335
BF338
BF457
BF523
BF594
BFR91
BFT43
BFX29

0.50

0.50

1.02

1.40

1.90

0.50

0.50

0.35

020
020
0.20
020
021
0.15

0.15

0.37

0.15

025
0.20

020
0.25

0.25

0.25

0.20

0.20

0.20

020
0.20

0.20

0.06

0.07

0.06

0.07

0.07

0.06

0.06

0.06

0.18

0.18

0.18

0.18

0.16

0.28

028
020
0.25

0.45

0.60

0.22

0.10
5.00

0.54

0.20

BFX43
BFX84
BFX85
BFX88
BFY18
BFY19
BFY33
BFY34
BFY46
BFY51

BFY52
BFY81
BRY39
BSX20
BSX52
BSY20
BSY25
BSY26
BSY27
BSY29
BSY39
BSY52
BSY54
BSY56
BSY60
BSY84
BU105

ToDES
144121
A/3129
44143
4,4144
BA102
BAIII
BAI1S

44148
44154
,44155
BAIS6
134157
BA158
BA158
04182
84201
84243
84113
11.41113
44117
41310513

0.11

0.15
0.011
0.30
0.98
0.25

0.12
0.10
0.12
0.12
0.48
006
0.75
0.44
0.16
0.93
906
0.07
0.10
0.36

8131050 0.36 80201.3
0131100 0.45 131201.4
84142 1.25 87201.5
813100 0.20 612016
80101 030 87203.12
80100 0.20 8020316
87103 0.36 81203-20
87118 1.48 81204

8 72041
80127 0.10 13120410
87130 0.15 80206
87133 0.10 81210400
87134 0.45 60210600
47142 0.16 67210100
131164 0.50 41610
81176 3.46 131065350
131179 0.90 8 1 X55.600
80182 1.16 97671350
87184 0.70 131071.600
81187 1.30 821161 serNs
1110198 0.75 82 788 ser.es
41199 0.56 0613
40201 2 0.40 71144

0..
0.45
OARS

006
0.60
FLO
1.00
0.46
0.05
0.75
030
OAS
0.50
0.55
0.36
0.45
0.55
0.90
115
0.14
0.011
0.45
0.10

111210
111427
111921
111923
1111075
1112001
11112002
510502
MR813
540864
00856
1409924
MV 2203
111054430
Or)
0470
0471
0441
0484
0496
04190
0491
0495

1.33
2.36
0.20
0.36
0.26
025
0.20
076
WM/
10.0
210
1.55
1.60

0.07
0.07
0.36
0.12
0.12
0.20
0.07
0.08
0.08

4202

44003

0
ST2
144001

144002

144004
154005
54006

154007
144148
154150
144448
145401
155402
155403
155404
155405
145406
145407
155408
1454504
145761

0.70

020
0.20

0.20

0.50

0.50

0.50

0.50

0.50

0.12

0.12

4.00

0.35

0.18

0.33
0.21

0.30

0.30

0.30

0.54
0.15

0.33

0.39

0.36

0.36

0.30

1,08

0071 0.09

0074 0.10

0075 0.10

0082 0.48

0C139 0.50

OC203 2.50

0C207 2.70

0C1072 2.50
0C1074 2.50
R2008B 2.10

11P30 0.35

TIP31 0.45

TIP31A 0.45

TIP32 0.45

11P33 0.60

11P42 0.60

T1P2955 0.65

TI590 0.18

2N3448 0.30
2N404 0.45

2N524 0.48

2N526 0.48

2N527 0.48

2N685 3.50

2N705 0.10

2N706 0.10

2N7064 0.11
25708 0.12

2N1039 0.15

251059 0.15

251101 0.15

251102 0.15

2N1132 0.20

2N1304 0.50

2N1305 0.50

2N1307 0.50

251309 0.50

2N1613 0.18

251671 1.10

2N167IB 2.20
2N1711 020
251893 0.25

2N1905 0.25

251990 0.25

252060 1.00

2N2188 0.20

2N2218A 0.22
2N2222 0.18

2N2222A 0.20
2N2270 0.39
2N2368 0.10

2N2484 0.18
2N2904 0.18
2N2906 0.18
2N3053 0.15

2N3117 1.00

253440 0.70
2N3638 0.15

2N36384 0.16
2N3643 0.24

2N3692 0.24

2N3705 0.06

2N3706 0.06

2N3707 0.06

2N3711 0.06

2N3819 0.20
253899 3.00
2N3904 0.06

2N3905 0.06

2N3906 0.06
2N4037 0.25

2N4058 0.10

2N4222A 0.65
2N4348 2.00

TTL
7400
7401
7402
7403
7404
7405
7406
7407
7408
7409
7410
7411
7412
7413
7414
7416
7417
7420
7421

7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7440
7441

7442
7444
7445
7446
7447
7448
7450
7451
7451
7454
7460
7470
7472
7473
7474
7475

.12

.12

.12

.12

.13

.13

.29

.29

.14

.14

.13

.18

.21

BU105-04 1.08

8U108 1.80

BU126 1.00

BU133 1.75

BU204 1.30

8U205 1.30

BU208 1.50

BU209-02 1.75

BU406 3.80

BUY69A 8.75
BUY69B 2.00
BUY69C 7.00
BUY704 5.00
BUY7I 4.50

MPS6517 0.48
MPS6523 0.27
MPS406 0.90
MV5053 0.72
NKT2 1 4 0.25

NKT224 025 RESISTORS
oc22 1.40 'nay Velum 8001.016 F 2 series from 100 to 1M Pro 0.03 c6.

0C26 1.40
01 VP frsraNe E 12 wear from IRO to 10114 Pre 0.03 rah.
r1um artier.., E 2 series tiore 2R2 to 1051 Pre 0.04 ark

0C29 0.85 211 Values arlre m E2 serr from 100 to IOM. Pre 0.11 ash.
0C36 1.00 SW Vres arr. m E saner Irons 100 to 668

Parr IRO to 1KO 0.19 404.0C44 0.12 165 to 3630.22 ra6.
0C45 0.12 407 m 61480.24 met

14 values ava.1.10 In E 1 2 ars Irons 047 to 226
It 047 to 082 0.26 Irk.

1130 to 160 MN rick
112 to 126 0.7" rah.
156 to 226 0.2.071.

1114 Values ruler .n Ea Noes from IRO to 224
Pres 100 to 160 0.24 mock.

165 to 126 0.30445.
15K to 224 0.34 4013

1764 Oros arr. E6 Nora from IRO to 224
Irks 111010 467 0394013

6109 to 224 0.41

.25

.54

.27

.27

.13

.28

.25

.22

.25

.25

.34

046
0.25
0.12
0.16
0.15
0./8
0.25
0.20
0.19
0.20
6.75
0.80

2N4448
2N4914
2N5172
2N5245
2N5296
2N5458
2N5496
2N5670
2N5926
2N6123
25003
25303
2S304
2S305
2S323
25732

1.50
3.50
025
0.30
0.40
0.26
0.80
0.86
0.55
0.65
0.75
0.90
0.90
0.90
1.00
1.00

.13

.24

.32

.24

.24

.13

.52

.55

90
.70
.70
.66
.60
.13
.13
.13
.13
.13
.28
.22
.26
.20
.28

7476 .13
7483 .75
7484 .90
7485 .90
7486 .26
7489 2.00
7490 .35
7491 .65
7492 .45
7493 .36
7494 .80
7495 .55
7496 .62
7497 2.40
74100 .95
70105 .40
74107 .28
74109 .45
74110 .46
74111 .70
74116 1.60
74118 .82
74119 1.30
74120 .82
74121 .26
74122 .40
74123 .55
74125 .45
74126 .46
74129 .62
74132 .70
74141 .58
74142 2.02
74143 2.02
74144 2.02
74145 .65
74147 1.35
74148 1.20
74150 1.00
74151 .60
74153 .60
74154 1.06
74155 .63
74156 .63
74157 .63
74158 1.70
74160 .80

74161 .80
74163 .80
74164 .90
74165 .90
74166 1.00
74167 2.70
741 70 1.70
74172 4.00
74173 1.20
74174 .90
74175 .70
74176 .90
74177 .90
74178 1.20
74179 1.10
74180 .70
74181 1.95
74182 .75
74184 1.20
74185 1.20
74186 7.20
74188 5.40
74190 1.10
74191 1.00
74192 1.00
74193 1.10
74194 .92
74195 .85
74196 .92
74197 .92
74198 1.60
74199 1.50

CMOS
400C .15
4001 .15
4002 .20
4006 .95
4007 .20
4008 .94
4009 .46
4010 .50
4011 ;15
4012 .15
4013 .35
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024

.55

./10

.4s

.55

.90

.45

.60

.es

.85

.20

4025 .20
4026 1.35
4027 .35
4028 .70
4029 .90
4030 .50
4033 1.40
4035 1.10
4040 .90
4041 AO
4042 .75
4043 .85
4044 .85
4049 .28
4050 .45
4051 .88
4052 .88
4053 .88
4055 1.00
4060 1.00
4066 .35
4068 .20
4069 .20
4070 .20
4072 .20

4073 .20
4075 .20
4076 1.10
4078 .20
4081 .20
4082 .20
4502 .90
4507 .52
4508 2.30
4510 1.10
4511 .70
4512 .95
4516 .70
4518 .65
4520 1.10

VII Smola lurn corms, potantmrnimsr. evaiike* 1000. 2004
5000, 160,2140, 560, 106, 206, 50K, 1006, 2009, 5004, 1M.

he 0.97 rah.
NW Multrturn carnet orentiorneur. Vrapf 60806016 200, 500, 1004
2106, 50013. 140240. 560, 10K, 200. 1006. 5004.

Pro 1.40 prelk
114 Potermort4r 405 IP spnells. 02u4s ratters I06. 2513. 500.
008. 25014, 60011, I K0, 205, 500, 10K, 200.

Prise IOR to 61(01.51 is..
106 St 206 1.62 ark

.314 Corrosrepce ores. pounvornetor. Valu. available 5R0, 700.
00. ISO, TOR, 1005. 500R.

he 0.60 aech.
264 10 lure oommiornour. 060.8 arailsse 100R, 20013, 50014 I KO
60, 540, 106, 705, 506, 1006.

Pres 7.34 .m1

LINEAR INTEGRATED CIRCUITS
6*3020 2.00 AA300 3.75 T8A400
CA3046 OM SL414.0 4.58o !,..2:3;g 3.15 TBASIO
CA3044 2.80 614154 2.60 6845100
CA3066 1.68 519018 .... 744350A 3.00 754570
CA30179E 7.88 SL91713 10:1 100435,.. 3.40 1-1145200
CA30500 4.60 764530
ETT6016 606 511327 2.75 T6A550e
ETT06016 416 613046 Lao 144570 148: TI:V.V
MC1303L 1.60 65760035 2.50 TAA621 60.5 11145400
5111304P 2.00 557500350 115 144630 156 134550
MC1306 5.15 5576013$ 1.60 7446305 6.10 1845500
1.4013077 116 597061350 2.15 1646614 1.70 184580
MC1310P 1.00 55760239 1.60 7446614
INC1327P 2-75 557602350 2.15 144700 ;::,.° 111sr5:1%
11401327110 2.80 65760335 2.40 1A0640 4.50 TBASBEICO
51C1330P 1.26 6576110N 100 040100 1.35 104570
510133511 3.56 55761315 2.00 144120.4 105 T8A5700
MC1349 136 59762265 3.15 113412045 1.60 784641412
840135111 1.25 557622850 115 761.1' I:: 1,11=011
001352? 1.46 54762279 2_50 104120S8
MC135870 3.86 59765325 116 10412050 1.60 184700
544570 4.20 55765339 2.70 1.A28, 470 1047000
SA47008 10.15 597654474 100 1843504 100 1134720
SAS560 176 5576550N 110 104396 1.80 68A7204
SAS570 2.74 55766605 0.80 784640 160 1847204.0
5447509 6.75 55760669 1.60 1444406 3.96 TBA 750
609503P 2.00 1844800 2.40

2.25
2.40
2.50
2-50
20.0
2.50
0.60
2.50
210
3.50
110

44
650
7.26
3.00
2.00
2.00
620
5.55
6.00
3.413
2.25
5.10
5.10
2.10
2.40

1847500
194800
1848000
11308104
1848105
184.820
184915
184920
111.9200
11149502
1849502X
184990
1849900

TCA1613
TC4270
7042708
1042700
TCA270S
10417050
TC4800
TCA8000
TC6830
TDA440
1041327
10413278
1041330
741

2.50
0.90
2-16
3.40
1.10
0.03
7.36
3.00
150
640
6.04
116
175
610
3.00
160
IGO
2.16
3.40
6.40

12.40
110
6.76
2.65
2.46
1.60
0.26

BRIDGE RECTIFIERS
ORDER

CURRENT VOLTAGE CODE PRICE
14 501/ et/50 0.26
IA 10014 131/100 0.25
14 2000 41/200 0.25
IA 4000 131/400 030
14 800V 81/800 0.34
20 500 82/50 0.40
2A 100V 82/100 0.46
24 20130 82/200 0.55
2A 4060 82/400 0.65
74 8000 42/800 0.70
3*' 200V

133/13006000
03/200 0.70

ONOr 1000 84/100 0.50
44 4030 44/400 0.96
6A 500 56/50 0.1111

6A 2060 46/200 1.10r 4000 66/400 1.20
10A 4000 810/400 2.50
254 50V 025/50 4.00
25A 2000 1325/200 4.20
25A 4000 825/400 930

I. C. SOCKETS
NO_ OF ORDER
PINS CODE PRICE

08 010
14 014 0.11
16 016 0.13
20 020 030
22 022 026
24 024 0.40
28 028 0.44
40 040 050

PANEL METERS
Size 2- I %". /*quires 15 cut.out.

ORDER
F.S.O. CODE PRICE
Ire* MI 5.80
500534 0500 6.50

THYRISTORS
10,64
Ma*
1054

IA
IA
IA
34
344

34
44
44
44
4A
5A
74
74
IA
76
64

ORDER
VOLTAGE CASE CODE PRICE
300 1018 508/30 0.22
400 T018 908/80 024
2000 1018 500/200 0.28
505 10220 51/50 0.211
1000 10220 51/100 0.24
2004 10220 51/200 MA
4004 10220 51/400 0.36
50V 10220 53/50 1175
101/0 10220 53/100 0.28
200V TO720 53/203 ELM
4000 10220 63/400 0.40
50V 10220 54/50 635
1000 10220 54/100 0.40
2000 10220 54/700 0.16
4000 10220 54/400 5.56
4000 10220 55/400 6.66
500 10220 57/50 0.46
1000 70220 57/100 0.110
2000 10220 57/200 056
4000 10220 57/400 0.110
4000 10220 511/402 0.70

TRIACS
CURRENT
34
34
34
64
84
8A
104
164

VOLTAGE
10130
2000
4013V
SOON
4004
4001/
4730V
4000

CASE
10220
10220
10220
10220
10220
10220
10220
10220

ORDER
CODE
13/100
13/200
13/400
16/200
T13/400
18/400
110/400
115/400

PRICE
0.76
050
0.116
100
1.86
1.36
1.40
2.00

Ordering. All items offered subject to availability.
Payment with order, please add 20p p & p with
orders under £5 otherwise carriage free. No other
charges - just send prices shown. Enquiries please
send S.A.E. Government departments and
educational institutions just send official order.
Callers welcome. Export orders welcome.

CAPACITORS
Tantalum Bled
6.3V

16V

25V
35V

Disc Contrnie
8kV

474F
100uF
10uF
22uF
474 F
22uF
0.1u F
0.22u F
0.47u F
1.0uF
2.2u F
4.7uF

150pF
180pF
200pF
220pF
250pF
270pF
3000F

0.32 each
0.50 each
0.24 ash
0.30 tech
0.50 each
0.41 each
0.22 each
0.22 each
0.22 each
0.22 each
0.22 rich
0.24 each

0.27 each
0.27 each
0.27 each
0.27 each
0.40 each
0.40 each
0.40 each

Mixed Dieloctric
600V 1uF 1.01 each
I kV 0.01uF 0.26 each

0.033u F 0.32 each
0.047u F 0.36 each
0.19F 0.39 each
0.22u F 0.58 each
0.47uF 0.69 each

1.25k V 0.14F 0.50 each
1.5k V 0.001uF 0.24 each

0.0022u F 0.24 each
0.0047u F 0.24 each
0.22uF 0.28 each

Single Ended Electrolytic
16V 10uF 0.11 each

225F 0.11 each
47uF 0.11 rch
100uF 0.11 each
220u F 0.14 reh
470uF 0.26 each
1000uF 0.32 each

63V 1uF 0.11 each
2.2u F 0.11 each
4.7uF 0.11 each
10uF 0.13 each
22uF 0.16 each
47uF 0.22 each
100uF 0.32 each
2201iF 0.46 each

Double Ended Electrolytic
10V 22uF 0.14 each

100uF 0.14 each
220u F 0.17 each
470uF 0.36 each
1000uF 0.40 each

25V

63V

100V

450V

Slivered Mica
500V 1 3.3pF 0.18 tech

5pF 0.18 each
10pF 0.18 each
39pF 0.18 each
100pF 0.18 each
150pF 0.18 each
1805F 418 each
220pF 0.18 each
330pF 0.36 each
470pF 0 36 each
680pF 0.36 each
8200F 0.36 each
1000pF 0.42 each
22000F 0.50 each
8200pF 1.68 each
10000pF 1.62 each

Multioact lona! Electrolytic
30V 2500/2500uF 1.94 inch
70y 2500/2500* F 2.70 each
300V 150/150/100uF 2.91 each
350V 200/300uF 2.46 rah

200/200/100/32uF 3.811 each
150/100/100/100/

150uF 4.75 mph
400/400uF 4.75 1111.211

300/300/150/100/
50u F 5,18544041

10uF
22uF
47uF
100uF
220u F
470uF
1000uF
1uF
2.2u F
4.7uF
10uF
22uF
47uF
100uF
220u F
470uF
1000uF
2200u F
10uF
22uF
47uF
100uF
220uF
1uF
4.7uF
10uF
22uF
33uF

0.14 aaeh
0.14 anti
0.17 each
0.17 tech
0.36 each
0.47 each
0.72 each
0.14 each
0.14 each
0.14 each
0.17 each
0.17 each
0.29 each
0.40 each
0.65 sod,
0.66 own
1.01 each
1.44 each
0.70 each
0.25 each
0.36 each
0.61 each
0.64 soch
0.27 each
0.45 each
0.53 each
1.07 each
1.22 each

NORMAN INSKIP
16 New Road,
Chatham, Kent.
Tel: Greenhithe (0322) 844985.

007
0.14
0.04
0.06
0.05
0.01
0.135
0.07
MOO
004



ENGINEERS

YOURSELF FOR A

BETTER JOB WITH MORE PAY!
Do you want promotion, a

better job, higher pay? "New
opportunities" shows you how
to get them through a low-
cost, Home Study Course.
There are no books to buy
and you can pay as you learn.

This easy to follow GUIDE
TO SUCCESS should be read
by every ambitious engineer.
Send for this helpful 44 -page
free book NOW! No obligation,
nobody will call on you. It
could be the best thing you
ever did.

CHOOSE A BRAND NEW FUTURE HERE
iard11111 MI CUT OUT THIS COUPON III MIN MIMI

Tick or state subject of interest.

ELECTRICAL &
ELECTRONICS
Practical Radio &
Electronics
(with KIT)
Electronic
Engineering
Certificate

General Elect. Eng.
Certificate

C. & G. Elect.
Installations

Elect. Install. &
Work

C. & G. Elect.
Technicians

RADIO &
TELECOM-
MUNICATIONS
Colour TV
Servicing

C. & G. Telecoms.
Technician's Cert.0

C. & G. Radio,
TV & Electronics
Mech. Cert.

Radio & TV
Engineering
Course

Post to address below.

Radio, Servicing &
Repairs 0
Radio Amateur's
Exam.

Painting &
Decorating

MECHANICAL
A.M.S.E. (Mech.)0
General Mech.
Eng.

Inst. Engineers &
Technicians

Maintenance
Engineering

Welding

MANAGEMENT &
PRODUCTION
Computer

CONSTRUC- Programming 0
TIONAL Inst. of Cost &
Heating, Ventilating Managements
& Air Conditioning Accts.

Architectural
Draughtsmanship
& Design
L.I.O.B.
Carpentry &
Joinery
Plumbing
Technology
General Building 0

AUTO & AERO
Motor Mechanics 0
C. & G. Motor V.
Mechanics
General Auto
Engineering

A.M.I.M.I.
Air Registration
Board Certs.
M.A.A.J.M.I. Dip.

DRAUGHTS-
MANSHIP &
DESIGN
General
Draughtsmanship

A.M.I.E.D.
Electrical
Draughtsmanship 0

G.C.E.
-58 '0' & 'A' Level Subjects
-over 10,000 Group Passes!

Aldermaston College
Dept. TPE 24, Reading RG7 4PF

also at our London Advisory Office, 4 Fore Street Avenue, London
EC2Y 9DT. Tel. 628 2721.

NAME (Block Capitals)

ADDRESS

Postcode

Other subjects of interest Age

Accredited by C.A.C.C. Member of A.B.C.C.

HOME OF BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

TRANSISTORS Brdge
P Rectifiers

AC126 1 BCY34 66 T1P364 165 7421 20 74163 55 4073 18
AC127 1 BCY59 24 TIP414 54 7422 15 74164 80 4081 14 11

AC128 1 BCY70 14 TIP424 60 7427 22 74165 60 4082 14 14/508 12

128/178* 3 BCY71 14 TIP2955 65 7428 25 74166 75 4086 59 14/1000 4

AC141 2 60115 30 TIP3055 55 7430 12 74173 80 4510 60 14/200V 7

AC142 1 60121 70 270108 12 7432 20 74174 60 4511 70 14/4004 0
AC151 2 60123 60 ZTX109 12 7433 24 74175 60 4516 64 24/500 14

AC152 2 60124 77 210300 14 7437 20 74176 50 4518 65 24/1000
AC153 2 80131 35 270500 16 7438 20 74177 50 4520 65 24/2000 8

AC176 1 BD132 35 25706 10 7440 12 74180 80 4528 55 24/4000 0

AC187 2 BD135 30 251131 20 7441 46 74181 130
LINEARSAC188 2 BD136 30 251132 20 7442 40 74182 50

AD149 6

40161 3

60131
60138

30
30

251302 20
251304 20

7443
7444

60
60

74190
74191

70
70

Optaisolop
710CN 40

40162 3

4E114 2

AF118 3

AF125 2

AFI26 2

AF127 2

60139
60140
8E115
BF167
8)173
6E178

30
30
25
25
20
25

251305 20
251306 27
251308 33
251613 18
251711 20
251893 25

7445
7446
7447
7448
7450
7451

64
50
50
50
12
12

74192
74193
74194
74195
74196
74197

60
60
55
50
50
50

741-8 22
747C -I4 50

255777 80

7487-8 30
OCP71 70

CA3011 80
ORP12 70

CA3018 BO
OL704 100

CA30284 85 01707 100

AF139 3 6E179 25 252217 24 7453 12 74198 100 CA3035 140
AF186 5 6E180 20 252219 21 7454 12 74199 100 CA3036 120 125" 6 2"
AF239 4 BF181 20 252369 15 7460 14 CA3046 75 LEDs

CMOSASY53 3

ASY54 3

BEI 82
6E183

20
20

252483 26
252484 18

7470
7472

24
24

C53054 110
CA3080 70 Red 94000 12

AS955 3 8)184 20 252905 19 7473 25 4001 12 CA3140E 51 Green 13
BC107 BEI 85 20 252906 19 7474 25 4002 12 LM301AN 28 Yellow 13
BC108 8E194 7 252907 20 7475 25 4006 6B LM308N 64 CIip 3
BC109
BC113 1

BC117 1

BC119 2

8E196
8E197
8E198
8F200

7

7

33

252926 10
253053 15
253054 44
253055 44

7476
7480
7485
7486

25
40
60
24

4007
4008
4009
4010

14
64
30
35

0.4060N 61
0.1061N 120
NE555 25

1311 Sockets
NE556 60

BC140 2
BC142 2

BC143 2

BF224
8F257
8E258

16
16
28

253702
253703
253704

7490
7491
7492

25
40
35

4011
4012
4013

12
12
30

71341641 143 Spin 10
1114800 70 14pM 12
TBA810 100 16pM 13

BC147
87149
8C157
BC158

13)259
8FR39
BFF140

8FR79

28
18
18
18

253706
253707
253710
253711

7493
7494
7495
7496

30
51
45
45

4014
4015
4016
4017

60
50
30
50

18pM 18
010DES 22 pin 22

24pm 24
BY127 16 28pM 28

BC159 (IMO 27 253772 17 7497 120 4018 55 0A47 10 400, 40
Bel 68
BC170

8)929
13E030

20
32

253773 27
253866 54

74100
74105

80
40

4019
4020

40
50

0491 15

04200 6
0A202 9 VoltageBC171 8E985 20 253904 74107 25 4021 60

BC) 72 BFX86 27 254061 12 74109 30 4022 50 54148 4 Regulators
BC) 73 BFX87 20 254062 12 74110 46 4023 12 N916 5

BC182
BC183

BEY50
BEY51

15
12 TTL

74118
74121

15
25

4024
4025

45
12

N4001

7805
60

54002 7Tn 60
BC184
8E186 1

6E553
BSX19

17
20

7400 10
7401 10

74122
74123

33
40

4027
4028

30
45

54003
N4004 6 /115 8

60
60

BC187 1 80020 IS 7402 10 74125 35 4029 50 N4005
7 7824 60

BC207 1

BC212 1

BU205
BU208

130
150

7403 10
7404 12

74126
74132

35
45

4030
4035

30
60

N4006 8 7905 80
54007 BO

BC213 1 5C25 76 7405 12 74141 50 4041 57 N5400 7915 80
BC214 1

BC237 1

BC238 1

BC301 3

0C28
0C35
0071
0072

87
76
16
28

7406 24
7407 24
7406 12
7409 12

74142
74145
74150
74151

180
55
65
45

4042
4043
4044
4047

54
54
50
BO

.13.

85401
N5402

.17. 7918 80

N5404
4.,1 7924 80

* matched pair

EIC303 3

8C328 1

8C338 1

0084
T1P29
T1P30

42
37
35

7410 12
7411 15
7412 15

74153
74154
74155

45
70
45

4048
4049
4050

50
25
25

SAE for complete list.
Add 25p for p 6 p

60547 I
BC548 1

T1P31

T1P32
45
45

7413 25
7414 45

74156
74157

45
45

4066
4069

35
12 DELTA TECH

BC549 1

BC557 1

T1P33
T1P34

58
64

7416 24
7417 24

74160
74161

55
55

4070
4071

12
12

62 NAYLOR ROAD
BCY30 6 7)0354 168 7420 12 74162 55 4072 12 LONDON N20 OHN

Clef Kits -
_-41111

d f i 1) 1111%

Designer approved quality kits
for Electronic Musical
Instrument Construction.

JOANNA 72 & 88 PIANOS
Six and 7i Octave Electronic
Pianos with unique Touch
Sensitive Action, as used
in the P.E. JOANNA, which
electronically simulates
piano key inertia - a feature
not available in any other design
A new physical layout has been
adopted to simplify construction.

P.E. STRING ENSEMBLE
The only kit available to the
proven A. J. Boothman Design
for this versatile String Machine.

Send S.A.E. to

Clef Products (Dept P.E.) 16, Mayfield Road,
Bramhall, Cheshire SK7 1 JU

L 8LB
A RANGE OF HIGH QUALITY AUDIO POWER AMPLIFIERS
MODULES AT VERY COMPETITIVE PRICES, FAST DESPATCH
SERVICE, BULK PURCHASE DISCOUNTS.

25W. RMS. into 40. 25 HZ -50 KHZ,
0.1" THD (TYP), 944/3 S/N £ 6.80 *
100W. RMS. into 40. 10 HZ -30 KHZ,

0.4" THD (TYP), 80 dB S/N £14.19
250W. RMS. into 40. 10 HZ -25 KHZ,
0.3" THD (TYP), 110 dB S/N £26.44

Please include VAT (8"), except * (12-t%) & 50p post and packing. Also
available, Power Supplies, Preamps and Light Effect Modules. For further
information, SAE TO:

LB25

LB100

LB250

L& 45, WORTLEY ROAD, W. CROYDONB ELECTRONICS SURREY. CRO 3EB.
TELEPHONE: 01689 4138
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U.K. RETURN OF POST MAIL ORDER SERVICE also WORLDWIDE EXPORT SERVICE
BAKER LOUDSPEAKER, 12 INCH, 60 WATT.
GROUP 50/12, 4 OR 8 OR 16 OHM HIGH POWER.
FULL RANGE PROFESSIONAL QUALITY. £21RESPONSE 30-16,000 CPS
MASSIVE CERAMIC MAGNET Post E1.60

WITH ALUMINIUM PRESENCE CENTRE DOME.

BAKER "BIG -SOUND" SPEAKERS
Post el each

'Group 25"Group 35"Group 50/15'
12in
30W £12
4or8or 16ohm

12in 15in
40W £14 75W £33
4or8or16ohm 8 or 16 ohm

10 WATT PER CHANNEL STEREO AMPLIFIER
Ready made in chassis form. Mains operated.
Volume balance, treble and bass slider controls.
Pick up and tape inputs. Recording output.

Front pis anel size:1ize:
13

o61 -15,n1

Bargain £18.50
HEATING ELEMENTS WAFER THIN

Size 10ix xilsin. Operating voltage 200/250V a.c. 250W
approx. Suitable for Heating Pads, Food Warmers, Convec-
tor Heaters, etc. Must be clamped between two sheets of
metal or similar. ALL POST PAID - Discounts for quantity.

ONLY 40p EACH (FOUR FOR £1 .501

MINI MODULE BAFFLE KIT Post 75p
15 x Ellin, 3 -way Loudspeaker System EMI 5in.
Bass 5in, Middle 3in Tweeter with 3 -way Crossover
& Ready Cut Baffle. Full assembly instructions
supplied. Response=60 to 20 000 C.P.S. 12 watt
RMS. 8 ohms. £1095 per kit. Two kits £20.

SINGLE RECORD PLAYER
rived with auto slop, stereo compatible cartridge. Baseplate. Size
II Byin Turntable Sae Tin diameter a c mains 220 250V
3 speeds plays all size records

£7.95 Pf5stTwo for C15. Post 75p

NEW BSR SINGLE PLAYER £22.50
Model P182 3 -speeds flared aluminium turntable. Post C 1

shaped arm, cueing device. stereo ceramic cartridge.
B.S.R. Budget Autochanger with stereo
cartridge, plays all size records.

BAKER 150 WATT
ALL PURPOSE
TRANSISTOR
MIXER AMPLIFIER

Ideal tot Groups Disco P A and Musical Instruments 4 inputs
speech and music 4 way (nixing.
Output 4/8/16 ohm. 4c. Mains 240V.
Separate treble and hass controls
100 volt line model 614 extra.

£79 Fo

TINTED PLASTIC COVERS ONLY
5./es 14; x 12} x 41at E3. 17i. }4 t -,e £4.50.
161 14 x 4111 k4. 1514 13; x 4iti. £3.75.
15 x 130 3in, £3.50. 17* x 9} x C3.
140 14026n Rosewood sides £4.
Ideal for record decks, tape decks. etc. Post £1.

R.C.S. LOW VOLTAGg STABILISED
POWER PACK KITS
All parts and instructions with Zener diode
printed circuit rectifiers and double wound
mains transformer. Input 200 240V a c Output Post 45p
voltages available 6 or 7 5 or 9 or 120 d c up to 100mA or less

BAKER 50 WATT AMPLIFIER Stze 3 2, lyin Please state voltage required

IDEAL FOR DISCOS, GROUPS AND PA. ELECTRO MAGNETIC
Two inputs with volume controls. Master treble bass and PENDULUM MECHANISM

£2.95

95p Post 301'

volume controls. Suitable for all loudspeakers. £59 Post E1 15v d c operation over 300 nouns Continuous on SP2 battery fully
adjustable swing and speed Ideal displays. teachtng °Intro
magnetism or for metronome strobe etcR.C.S. SOUND TO LIGHT DISPLAY MK II

Complete kit of parts with R.C.S. printed circuit. Three
1000W channels. Will operate from 200mV signal
source. CABINET extra E4. KIT -£17.00

R.C.S. 10 WATT
AMPLIFIER KIT

This kitxit is suitable for record players. tape play back. guitars
electronic instruments or small P A. systems. Two versions are
available. The mono kit uses 13 semiconductors. The stere kit
uses 22 semiconductors. Both lots have printed front panel nd
volume. bass and treble controls Spec IOW output into 8 ohms.
7W into 15 ohms Response 20es to 3060.s.
input 100M .V. high imp. Sine 9i x 3 x 2in. A/C mains operated.

n"° £12.50 kit e° £20 4 pt
Easy to build Full instructions supplied

LOW VOLTAGE ELECTROLYTICS
1, 2, 4, 5, 8, 16, 25, 30, 50, 100, 200mF 15V 10p. 500mF
12V 15p; 25V 20p; 50V 30p. 1000mF 12V 17p; 25V 35p;
50V 47p; 100V TOp. 2000mF 6V 21513, 25V 42p. 2500mF
50V 62p. 3000 mF 25V 47p; 50V 115p. 3900mF 100V
t1430. 4700mF 63V f1.20. 5000mF 6V 25p; 12V 42p;
25V 75p; 35V 88p. 5600mF 76V 0.60. 1200mF 76V110p.

HIGH VOLTAGE ELECTROLYTICS
8/350V 22p 8+8/450V 50p 50,50/300V 50p

16/350V 30p 8+16/4500 50p 321-32/450V 75p
32/500V 75p 16.16/4500 50p 100,100/275V 65p
50/350V 50p 32+32/3500 50p 150,-200/275V 70p

to 6 & 10. 12. 16. 18. 20. 24. 30. 36 Q. 48 60
2A. 6 8. 10. 12. 18. 18. 20. 24. 30. 36. 40. 46. 60
3A. 6. 8. 10. 12. 16. 111. 20. 24. 30. 36. 40. 46. 60
SA 13 8. 10. 12. 16. 18. 20. 24. 30 36. 40. 48. 60
5, EL 10, 16V LA C2. 12V 100mA C1. 12V 300rnA £1.

12V 750mA £1.30.40V 2A tapped 10y or 30V E2-95.
10-0-10V. 2A E2.50. 40V 2A £2.95. 30V 5A 34V 2A ct. 03-75.
2 x 18V 6A E9. 12-0-12V 2 amp £2.95. 25-0-25V 2 amp £4.
20-0-20V 1 A £2.95. 30V 1.}A £2.75. 20V 1A £2.20
9V 3 amp £2.75. 60V, 40V,20V or 20-0-20V. IA £3.50.
30-0-30 2A E7. 9V 250mA £1.30. 30V 2 amp E3.
AUTO TRANSFORMERS. 115V to 230V or 230V to 115V
150VV E5; 250W £6; 400W £7; 500W ES.
CHARGER TRANSFORMERS, Input 200/250V for 6 or 12V
11A £2.75; 3A £4; 4A £5.20 -
FULL WAVE BRIDGE CHARGER RECTIFIERS. 6 or 12V outputs
1 IA 55p; 46 £1.25. HALF WAVE 12V 1025p.

MAINS TRANSFORMERS ALL POST 75p each

250-0-2500 lOrnA 3. 2A [3.45
250-0-250 0OrnA. 6 3V 3 50 6 30 IA or 5V 2A 3440
350-0-350 80mA 6 31/ 3 SA. 6 311 IA or SV 2A 3.5-80
300-0-300 120niA 2 x 6 3V 2A C T 6 3V 2A E6.50
220V 45mA. 6 3V 2A 01.75
HEATER TRANS. 6 3V 3A. 31-45. y amp 31-08
GENERAL PURPOSE LOW VOLTAGE Tapped outputs at
2A 3, 4. 5. 6. 8. 9, 10. 12. 15. 18. 24 and 300 £5.30

CS 30
£4 50

311-00
314-50

BLANK ALUMINIUM CHASSIS, 18 s.w.g. 2fin. sides. 6 x 4in.
95p: B x Ein. 01.40; 10 x Tin. £1.55: 14 x 9in. £1.90,16 x 6in.
£1.85; 12 x 3in. £1.20: 16 x 10in. £2.20: 12 x Bin, £1.70.
ALUMINIUM PANELS, 18 s.w.g. 6 x 4in. 24p; 8 x 6in. 38p:
10 x Tin. 54p; 12 x 5in. 50p; 12

o Bin. 70p; 16 x Bin. 70p:
14 x 9in. 94p; 124 12in. El; 164 101n. E1.16.
ALUMINIUM ANGLE BRACKET. 6 x ix lin. 15p.
ALUMINIUM BOXES, MANY SIZES IN STOCK
4 x 2 2in. Up: 3 x20 tin. 66p; 60402in. 95p;13 x 6 x 3in.
£1.50; 9 x 4 x 4in. E1.70. 6 x 4 x £1.30.
THE "INSTANT" SULK TAPE ERASER
Suitable for cassettes and alt sizes of
tape SSAreel a c mains 200 2405 Post
Leaflet E 50p
Head demagnetiser £4.75

RADIO COMPONENT SPECIALISTS 337 WHITEHORSE ROAD, CROYDON, U.K. Tel. 01-684 1665
Minimum post 30p Acce and BarclaycmdiVimi Same day despatch Radio Books end Components Lists 20p Open 9-6 Sat. 9-5 (Closed Wednesday all dayl.

You know it s easy with Heathkit.
Electronics Courses

New series of courses on car
electrical systems.
New series of courses on electronic
equipment.
DC electronics.
AC electronics.
Semi -conductors.

Electronic circuits.
Digital techniques.
Microprocessors.

New Kits
Line printer.

Dual floppy disc.
Dual trace 5MHz and 35MHz
oscilloscopes.
Memory expansion for digital trainer.
2M hand-held transceiver.

Heathkit self -instruction electronics courses are
complete, low-cost learning systems. All you need is the
will to learn and the Heathkit courses wit teach you at
your own pace.

It's easy because the courses are based on step-by-
step programmed instructions, with audio records (or
optional cassettes), self evaluation quizzes to test your
understanding, and interesting experiments that
encourage you to learn the easy "hands -one way with
the optional Heathkit experimenter -trainers.

Thousands of people just like you have already
learnt electronics the easy Heathkit way -at home,
in educational establishments and FRB
in industry throughout the world.

You'll find it easy too. Full
details are in the Heathkit catalogue,
together with hundreds of kits you
can build yourself; for the home,
car and workshop.

Send for your copy now.

_ To Heath (Gloucester) Limited,Dept PE/3/79
I Bristol Road, Gloucester GL2 6EE.Please send the items I have ticked. '''''''',,;-,-;,-,-;;;,..:., 7.'"*"^*

,-Ift?;..7.14-,,,- ---0:m 0 Heathkit catalogue (enclose 20p in stamps). 0 computer .04.aca.
I brochure (enclose 20p in stamps).

NSA

Name

Address

NB.If you are already on the Heathkit mailing list then you will automatically receive a copy of the latest Heathkit catalogue
without having to use this coupon. Registered in England, number 606177.

....--.111-1111111111.11-1.11111.
There are Heathkit Electronics Centres at 233 Tottenham Court Road, London (01.636 7349) and at Bristol Road, Gloucester. (Gloucester 29451).

I
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T /Th

I electronics
your founded eonneetion in Ihe world of eomponente

Dept PE1, 56 FORTIS GREEN ROAD, MUSWELL HILL, LONDON, N10 3HN

The items shown in

this advert are lust a
small selection taken
from our new 78/79
Catalogue which is

now available It
contains everything

from Resistors to the
latest in Micro-
processors Don't delay
order your copy today.

The price is only 40p
(inc. 45p vouchers).

TELEPHONE: 01-883 3705

Low Power Schottky and TTL CMOS ,,A,/, BITS and PIECES Rogulalore Linear I C's

7400 13'
7401.13'
7402.15'
7403.15
7404.16'
7405.16'
7406 26'
7407 26'
7408.17'
7409.17
7410.15'
7411 .25'
7412.18'
7413 27'
7414.71'
7415 -
7416 25'
7417.34'
7420.16'
7421
7422
7423.25
7425 .25'
7426.25
7427.39
7428.39
7430.16
7432 .25'
7433 -
7437.25'
7438 .25'
7440.17'
7441.70'
7442.50'
7445.60'
7446 60'
7447 60'
7448.60'

LS

19'
.19'
.19'
.t9'
.21'
21'

.19'

.19'

.19'
19.
19'
40.
79'
19.

.19'ar

.19'

19.
19'
.19'
.19.
.25'
.19'
25'
.25'
.19'

55'

.117*

.87'

7449
7450 16'
7451 16'
7453 18'
7454 -
7455
7460 .16'
7470 27'
7472 23.
7473 28'
7474 28'
7475 44
7476 .30'
7478 --
7482 13.
7483
7485 1.18'
7486 25.
7489 260.
7490 34.
7491 73'
7492 .46.
7493 34'
7495 .54
7496 .67"
74107 27'
74109 04.
14112 -
74113 --
74114 --
74121 .27.
74122 .50.
74123 SO.
74124 --
74125 .51.
74126 .51'
74.32 .72'

74133

..rinoror

LS

17'

19'

.19*

.19.

.29.

.29'
43.
.29'
.29'

IS.
.88'
.29.

.62*
1.05'
.75
65'
Or

1.25'
35
35'
35'
.35'
.35'

75.
.78'

1.25'
.39.
39.
65.
19'

74136 -
74138 -
74139 -
74141 .78.
74145 75'
74147 1.59'
74148 1.32'
74150 1.02'
74151 87'
74153 17.
74154 1.21'
74155 .97'
74156 87
74157 .67'
74158 -
74160 1.21'
74161 1.21'
74162 1.21.
74163 1.21'
74164 1.02'
74165 -
74166 1.02'
74168 --
74189 -
74170 1.95'
74113 1.41
14174 1.01'
74175 .81'
74176 101'
74177 1.01'
74180 1.01'
74181 2.21'
74182 .81
74184 1.81'
74185 1.62'
74188 2.97'
74189 3.17'
74190 1.21

LS

39'
55'
.55'

1.05.

18.
Ar

1.25'
.78'
.79"
.56.
.511.
.99'
.65'

125'
.65'

1.15'
79'

115'
115'
1.65'

.1111'

1.05'
115'

2.99'

2.25'
75'

74191 121'
74192 1.21'
74193 1.21'
74194 1.21'
74195 1.01'
74196 1.18'
74197 118'
74198 1.81'
74199 1.81'
74221 -
74240
74241
74242
74243
74241
74248
74249
74251
74253
74257
74258
74259
74266
74273
74219
14283
74290
74293
74295
74298
74365
74366
74367
74368
74386
74670

LS

.75'
1.85'
1.85*

1.05'
1.05'
1.05'

.99'
2.25'
225.
225'
225'

.95
95'
95'
.113.
99'
99
99

1.50'
35'

225'
.48.
.99'
.113.
.93'

1115'
1.25.
91.
.51
51'
51.

1.85'

4000
4001
4002
4006
4007
4008
4009
4010
4011
4012
4013
4014
4015
4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4032
4034
4035
4040
4042
4043
4046
4049
4050
405'
40'2

15'
16'
16'
.92'
.18.
.92'

54
.18.
18'
411'
.92'
.92'
43.
.11'
.92'
56'
92'
92'
92'
.18'
65'
.18.

1.84'
.51'
70'

1.16
56'

1.08
1.89'
1 06'

92'
70.
81'

106'
43'
43"
81'
81'

4053 11"
4054 1.29'
4056 146'
4059 5.18'
4060 1.24'
4066 48'
4068 21'
4069 .21'
4070 21'
4071 .21'
4072 21'
4077 21'
4081 21'
4082 21'
4085 S2'
4086 92'
4093 .81'
4099 1.81'
4502 92'
4508 246'
4510 107'
4511 .95

4514 2.70'
45,5 2.70'
4516 1.07'
4517 4.10'
4518 95'
4521 254'
4522 189'
4526 1 89'
4528 92'
4534 712'
4536 314
4543 162'
4553 453'
4566 1.51'
4583 112"
4585 1.07'

OIL Naas/ Static RAM's
2102A
21024-2
21114-1
21124-2
211.02
MM5257 (TMS40441
2114 450ns/
6810
CPU's
8080 5.95'
6800 8.99'

8 pin .23 9900 42.50'
14 pin 34' E.Proma UV
16 pin .37. 170240 5.57'
18 pin AP 27080 7.87'
20 pin .55 TriState Mere
24 pin .60' 811.095 .75
28 pin .85' 81LS96 .75.
36 pin .95. 811.591 .75.
40 pin 1.05' 811098 .75*

74365 .75.
VAT 74366 .75'
INC 74367 .75.

PRICES
74368 .75'

OPIO
Dynamic RAM
4116 1275

8 pin 10.
14 pin .12'
16 pin .13'
18 pin .18'
20 pin 20'
22 pin 24'
24 pin .28'
28 pin .30'
40 pin 44'

Wire Wrap

35Onsl
65OnsI
50Ons1
250rts/
350n I

1+ 17 53 64+
1.05 95' .88'
1.29' 1.15' 1.08'
2.46' 2.19' 2.05'
2.14' 1.90' 1.79'
207" 96' 86'
9.10' 719' 6.75'
8.10' 7.19' 6.75'
3.50' 2.97' 2.52'

Butlers
8126P
80286
8795P
8196P
8197P
8198P

1 65'
1 65'
1 49'
1 49'
1 49'
1.49'

Rowlalors

7111. Series
 IPOSI 100mA
5y 6v. 8v, 12v & 15v
All 311p. each

78M Series
IPOS/ 500mA

5, 6v, 8r. 12, 15,
20v & 24v.
All 60p each
79M Series
-MG/ 500mA
5v, 6v, 8v, 12v, 15v,
20.0 24v
All 115p. each

78 Series
+ IPOSI IA
5v. 8v, 12v. 15v.
18,11 24v
Al 135p each

79 Series
-INEGI IA
5v. 8v. 12v, 15
18, & 24v.
All 01.00. each
64723 (DILI AV
L200 1.99'
LM30411 2.40.
LM323K 6.25
LM325N 2.60
LM326N 2.60
LM345K 8.10
LI29 30 11 85'

.125. 1+ 10+ 50+ 1 0+ .7 + 10+ 50+ 100+
TIL209 Red x .15. 10' 10' 0 TIL220 .t6 .125' 125' 11
111212 Yel x 20' 18' 16. 1 111224 Vel a , 3 21' 195' 17.
TIL216 Red x 20' 18' 16. 1 TIL228 Red 1 . 3 .21* 195' 17'
TiL232 Gre x 20' 18' 16' 1 T11234 Ore a .23 .21' 195' 17.
x.= High Brightness

DL747
4 for f6.00*

ii A141
5 for £1.00

NE555
4 for f1.00'

V A T Inclusive prices *8% others 12 5% Export Customers deduct VAT 2,27 from *1,0 from others
Postage and Packerig 25p. Trade and Export Inquiries most Welcom Hours 9 00am-5 00pm
Now available our ORDER -RING line, lust phone your order throu h with your Access or Barclaycard number and providing
the order is received by 3 00pm the components will be despatched the same day (min tel order £5 001

CA3080
CA31308
CA3140E
LM30 IAN
LM324N
LM34811
LM3806
LM381N
LM3825
1513900N
1.6139095
05760015
SN760036
SN7601361
SN76023N
T134810AS
1E4940
25414
254245
25425E
ZN459CT
251034E
751040E
ZNAI 16E

75
90
37
.30
.73.
99
97

1.73
1.33

65
70'

1.02
2.32
1 55
155
.90

1.75
.90

1.35
3.78.
3.54
2.03'
0.43'
6.75*

C04011
7 for £1 00'

LiVI380
3 for f2.50

TIL209
10 for f 1 Or

TIL220
8 for f1.00*

BARCLAYCARD

V/5,4

The professionalscopes
you've always needed.

L-
Super 6
£162.00 plus VAT

uper 10
£219.00 plus VAT

When it comes to oscilloscopes, you'll have to go a long way to
equal the reliability and performance of Calscope.

Calscope set new standards in their products, as you'll discover
when you compare specification and price against the competition.

The Calscope Super 1 0, dual trace 1 0 MHz has probably the
highest standard anywhere for a low cost general purpose
oscilloscope. A 3% accuracy is obtained by the use of stabilised
power supplies which cope with mains fluctuations.

The price £21 9 plus VAT.
The Super 6 is a portable 6MHz single beam model with easy

to use controls and has a time base range of 1 ps to 1 OOms/cm
with 1 OmV sensitivity. Price Cl 62 plus VAT.

CALSCOPE DISTRIBUTED BY
Marshalls Electronic Components,
Kingsgate House,
Kingsgate Place,
London, N.W.6.

Audio Electronics,
301 Edgware Road, London W.2.
Tel: 01-724 3564
Access and Barclay card facilities
(Personal Shoppers)

Maplin Electronics Supplies Ltd.
P.O. Box 3
Rayleigh, Essex.
Tel: 0702 715 155
Mail Order

CALSCOPE
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LOOK !
Here's how
you master
electronics.
.... the practical way.

1. Build an oscilloscope.
As the first stage of your training, you actually build
your own Cathode ray oscilloscope! This is no toy,
but a test instrument that you will need not only for
the course's practical experiments, but also later if
you decide to develop your knowledge and enter the
profession. It remains your property and represents
a very large saving over buying a similar piece of
essential equipment.

2. Read, draw and understand
circuit diagrams.
In a short time you will be able to read and draw
circuit diagrams, understand the very fundamentals
of television, radio, computers and countless other
electronic devices and their servicing procedures.

3. Carry out over 40 experiments
on basic circuits.
We show you how to conduct experiments on a wide
variety of different circuits and turn the information
gained into a working knowledge of testing, servicing
and maintaining all types of electronic equipment,
radio, t.v. etc.

4. Free Gift.
All students enrolling in our courses receive a free
circuit board originating from a computer and
containing many different components that can be
used in experiments and provide an excellent example
of current electronic practice.

1=11 IIII NMI OMNI SIM
Post now, without obligation, to: -

1 BRITISH NATIONAL RADIO &
ELECTRONICS SCHOOL

IP.O. Box 156, Jersey, Channel Islands.

This new style course will enable
anyone to have a real understanding
by a modern, practical and visual
method. No previous knowledge is
required, no maths, and an absolute
minimum of theory.

You learn the practical way in
easy steps mastering all the essentials
of your hobby or to further your
career in electronics or as a self-
employed electronics engineer.

All the training can be carried out
in the comfort of your own home
and at your own pace. A tutor is
available to whom you can write, at
any time, for advice or help during
your work. A Certificate is given at
the end of every course.

1,
w41.11ta
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RECEIVERS AND COMPONENTS

POWER PARTS. VMOSFET VN84GA 12.5Amps
£21.34,VN66AF 2Amps £1.25. TRIACS: T6411D 400V
25Amps £10.53, T6420M 600V 40Amps £12.96. Inverter
SCR 2N3658 400V 35Amps £22.97. Bulgin 8way disco
lighting Plug £1.64 socket £0.56. CWO to ANENT
POWER, 2 Kelvin Sq., Livingston, West Lothian.

TUNBRIDGE WELLS COMPONENTS, Ballard's, 108 Camden
Road, Tunbridge Wells, Phone 31803. No Lists. Enquiries
S.A.E.

P.C.Bs PAXO LIN 10+" x 4+" 4- £1.25. 12" x 9" 70p. 17+"
x 9.1" £1.15. D.S. 10" x131" 80p. Fibre Glass 9" x 8" £1.20.
18" x 8" £2.40. D.S. 13" x 6" £1.30. 11+" x 74" £1.60.
Panel with 42 assorted 74 series ICs £1.50. 20 wire ended
neons £1. 300 small components, trans, diodes £1.50.7 lbs
assorted components £3.60. 3+ lbs £1.95. List 15p.

. Refundable. Post 20p under f 1. Insurance add 15p.

J.W.B. RADIO
2 Barnfield Crescent, Sale, Cheshire M33 1 NL

TRIACS 500V 3A Tested 50p each. M. Manning, 114
Dumbreck Road, Eltham, SE9.

GLASS FIBRE PRINTED CIRCUIT BOARDS from your film or
tape masters 14p per square inch + P&P 30p. C.W.O.
please. P. A. YATES, 22 Ambleside Drive, Darwen,.Lancs.

BRAND NEW COMPONENTS BY RETURN
Electrolytic Capacitors 16V, 25V, 50V.
0.47, 1.0, 2.2, 4.7 & 10 mfds. - 5p.
22, 47-51p. 150V -6p). 100-7p. (50v-tipl.
220--8p. 150V -10p). 470-11P. 150V -113p1
1 000/1 5V-1 5p. 1 000/25V-1 8p. 1000/40V -35p.
Subminiature bead tantalum electrolytics,
0.1, 0.22, 0.47, 1.0 @ 35V & 4.7 l& 6.3V -Sp.
2.2/35V & 4.7/25V -9p. 10/25V & 15/16V -12p.
22/1 6V, 33/10V, 47/6V, 68/3V, 100/3V -14p.
Subminiature Ceramic Caps. E12 Series 100V.
2% 10 pf. to 47 pf.-3p. 56 pf. to 330 pf.-4p.
10% 390 pf. to 4700 pf.-4p.
Vertical Mounting Ceramic Plate Caps. 50V.
E12 22 pf.-1000 pf.-66 1500 pf. to 47000 pf.-2p.
Polystyrene E12 Series 63V. Horizontal Mtg.
10 pf. to 1000 pf.-3p. 1200 pf. to 10000 pf.-4p.
Miniature Polyester 250V Vert. Mtg. 66 Series.
.01 to 0.1-4p. .15 & 22-5p. 33 & 47-8p.
0.68-11p. 1.0-14p. 1.5-20p. 2.2-22p.
Mylar (Polyester) Film 100V. Vertical Mtg.
-001,  002, .005-3}p..01, .04, .05-54p.
Miniature resistors Highstab. 5% E12 Series.
0.125W mixed metal/carbon film 100 -2M20 -1p.
0.25W carbon film 10-10M0 (10% over 1M01 -1p.
1E24 series in +W c.film 2.00-2M00 only).
0.25W, 0.5W & 1W metal film 2.20 -2M20 -2p.
1N4148 -2p. 1 N4002 -4p. 1 N4006 -8p. 1 N4007 -7p.
5C1 07/8/9, BC147/8/9, BC1 57/8/9, BF194&7-9p.
8 pin i.c's. 741 Op.amp.-18p. 555 timers -24p.
20mm. fuses .15, .25, .5, 1.0, 2.0, 3.0 & 5A -3p.
Printed circuit fuseholders for 20mm. fuses -6p.
400 mW. zener diodes E24 series 2V7 -33V -8p.
Prices VAT inclusive Post 10p. (Free over £4).

THE C. R. SUPPLY CO.
127, Chesterfield Rd., Sheffield S9 OR N

GRADE 1 SEMICONDUCTORS, PASSIVES, HARDWARE, +
SECURITY. Immediate service:- Texas 1N4148 £1.50 per
100.- RCA. CD4001/ 11 18p.- RCA. 741 8 pin dil. £1.00 per
5.- 555 £1.00 per 4 - CEH. PC. housings 60p. Capacitors,
resistors, keyswitches, Texas IC. sockets, control -panels.
S.A.E. brings complete catalogue:- CEH Audio -Visual (A),
48 Whistler Rd. Tonbridge, Kent.

IP EACH plus S.A.E. Diodes 20V 10uA. Rush, 23 Campus
Road, London E17.

GUARANTEED ICs 7400/ Hip 7447/55p 7473/24p 74121/24p
4000/15p 4011/15p 4017/55p 4027/32p 709/22p 741/22p
7805/60p NE555 /25p. Many more! SAE full list CP ICs
22 Oakfield Road, Croydon, Surrey.

SMALL ADS
The prepaid rate for classified advertisements is 20
pence per word (minimum 12 words), box number 60p
extra. Semi -display setting £6.60 per single column
centimetre (minimum 2.5 cms). All cheques, postal
orders etc., to be made payable to Practical Electronics
and crossed -Lloyds Bank Ltd-. Treasury notes should
always be sent registered post. Advertisements, together
with remittance, should be sent to the Classified
Advertisement Manager, Practical Electronics, Room
2337. IPC Magazines Limited, King's Reach Tower,
Stamford St., London, SE1 9LS. (Telephone 01-261
5846).

CONDITIONS OF ACCEPTANCE

OF CLASSIFIED ADVERTISEMENTS
1. Advertisements are accepted subject to the
conditions appearing on our current advertise-
ment rate card and on the express understand-
ing that the Advertiser warrants that the
advertisement does not contravene any Act of
Parliament nor is it an infringement of the
British Code of Advertising Practice.
2. The publishers reserve the right to refuse or
withdraw any advertisement.
3. Although every care is taken. the Publishers
shall not be liable for clerical or printers'
errors or their consequences.

TURN YOUR SURPLUS capacitors, transistors, etc., into cash.
Contact COLES-HARDING & CO., 103 South Brink,
Wisbech, Cambs, 0945-4188. Immediate settlement.

SERVICE SHEETS

BELL'S TELEVISION SERVICES for Service Sheets on
Radio, TV, etc £1.00 plus S.A.E. Colour TV Service
Manuals on request. S.A.E. with enquiries to B.T.S.
190 Kings Road, Harrogate, N. Yorkshire, Tel: (0423)
55885.

SERVICE SHEETS for Radio, Television, Tape Recorders,
Stereo etc. With free Fault-finding guide, from 50p and
S.A.E. Catalogue 25p and S.A.E. Hamilton Radio, 47
Bohemia Road, St. Leonards, Sussex.

LADDERS

LADDERS. Varnished 25-ift. extd. £35.70. Carr. £2.80
Leaflet. Callers welcome. Open Sat. Ladder Centre
(PEES), Halesfield (1) Telford 586644.

RECORD ACCESSORIES

STYLI for Hi-Fi, Music Centres. Ill. List for s.a.e. Also
cartridges, leads, accessories. Details-Felstead Electronics
(PE) Longley Lane, Gatley, Cheadle, Ches. SK8 4EE.

EDUCATIONAL

TELEVISION
TRAINING

18 MONTHS full-time course for begin-
ners to include all the undermentioned
subjects. Short courses, combining one
or more subjects, for applicants with suit-
able education and electronics back-
ground such as C & G, HND, BSc etc.

 13 WEEKS TECHNICAL
MATHEMATICS & ENGLISH

 13 WEEKS ELECTRONICS &
RADIO

Ar13 WEEKS MONOCHROME
TELEVISION

 13 WEEKS COLOUR
TELEVISION

 13 WEEKS VIDEO SYSTEMS
(CCTV, VCR, TELETEXT etc)

The training incorporates a high
percentage of practical work.
Next session starts on April 23rd
(Also available 21 year course in Marine
Electronics & Radar for employment as
ships Radio Officer)

Prospectus from:

LONDON ELECTRONICS
COLLEGE

Dept. PEAS, 20 Penywern Road,
London SW5 9SU. Tel. 01-373 8721

CITY & GUILDS EXAMS
Study for success with ICS. An ICS homestudy course
will ensure that you pass your C. & G. exams. Special
courses for: Telecoms. Technicians, Electrical
Installations, Radio, TV & Electronics Technicians,
Radio Amateurs. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. E272 Intertext House, London SVV8 4UJ

Tel. 01-622 9911 (all hours)
State if under 18

COLOUR TV SERVICING
Learn the techniques of servicing Colour TV sets
through new homestudy course approved by leading
manufacturers. Covers principles, practice and align-
ment with numerous illustrations and diagrams. Other
courses for radio and audio servicing. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. E272 Intertext House, London SW8 4UJ

Tel. 01-622 9911 (all Noun)
State if under 18

TECHNICAL TRAINING
Get the training you need to move up into a higher
paid job. Take the first step now -write or phone ICS
for details of ICS specialist homestudy courses on
Radio, TV, Audio Eng. and Servicing, Electronics,
Computers: also self -build radio kits. Full details from:

ICS SCHOOL OF ELECTRONICS
Dept. E272 Intertext House, London SVV84UJ

Tel. 01-622 991 I (all hours)
State if under 18

WHETHER SEA -GOING OR SHORE -BASED, an exciting life
awaits you as a Marine Radio Officer. Full details from
The Principal, Barking College of Technology, Dagenham
Road, Romford, RM7 OXU ('phone Romford 66841).

FOR SALE

NEW BACK ISSUES of "PRACTICAL ELECTRONICS" available
70p each Post Free. Open P.O./Cheque returned if not in
stock - Bell's Television Services, 190 Kings Road,
Harrogate, N. Yorks. Tel: (0423) 55885.

SEEN MY CAT? 5000 Odds and ends. Mechanical Electrical.
Cat free. Whiston, Dept. PRE, New Mills, Stockport.

MINISONIC 2. Many additions, working, needs some
attention, £250. Details, Otterehaw 2522.

WANTED

WANTED. Personal computor pet similar.. Exchange Hi Fi.
Cash. 50 Queen Anne Street, S -O -T, ST4 2EQ.

BOOKS AND PUBLICATIONS

INTRODUCTION TO MICROPROCESSORS AND COMPUTING. 50
pages of explanation and diagrams to get you started.
Contents include: binary arithmetic, codes, micro-
processor operation, machine language programming,
summary of higher level languages and systems, glossary
of terms. Price £2.30 plus 45p P&P. (Crossed cheques and
P.O.'s.) Educational Data and Technical Services. 59
Station Road, Cpgenhoe, Northampton NN7 1LU.

COMPREHENSIVE TV REPAIR INSTRUCTIONS for your set
£5.00 with circuit (if requested). Free catalogue unique
T.V. /other publications AUSE (PE) 76, Church Street,
Larkhall, Lanarkshire ML9 1HE.
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WHY NOT START YOUR OWN BUSINESS REWINDING
ELECTRIC MOTORS. A genuine opportunity to success.
LARGE PROFITS. You can't help but make money if you
follow the easy, step by step, instructions in our fully
illustrated Manual showing how to rewind Electric
Motors, Armatures and Field coils as used in Vacuum
Cleaners, Electric Drills and Power Tools. NO
PREVIOUS KNOWLEDGE IS REQUIRED, as the
Manual covers in 13 Chapters, where to obtain all the
work you need, materials required, all instructions rewind
charts and how to take data etc. A gold mine of
information. How to set up your home workshop and how
to cost each job to your customer. £4.00 plus 30p P & P.
UK. CWO. to INDUSTRIAL SUPPLIES, 102 Parrswood
Rd., Withington, Manchester 20, Dept. PE.

SITUATIONS VACANT

SOUTH OF SCOTLAND
ELECTRICITY BOARD

INVERKIP POWER STATION

INSTRUMENT
MECHANICS

Salary: Up to £91.17 per week,
plus Travel Allowance of
up to £2 per week.

Hours: 5 cycle shift pattern or 7
day stagger.

Conditions: Superannuation Scheme;
Sick Pay Scheme; Gener-
ous Holiday entitlement.

Housing: Rented Housing may be
available in appropriate
circumstances; re -loca-
tion expenses paid.

Requirements: Applicants should have
served a recognised
apprenticeship and should
have relevant experience.

Training:

Security:

Specialist/refresher train-
ing will be given in appro-
priate circumstances.

These posts are per-
manent and offer long
term security.

Applications (quoting
reference 52/G6/79)
should be submitted on
the standard form obtain-
able from and returnable
to the Station Manager,
Inverkip Power Station,
Inverkip, Nr. Greenock,
Renfrewshire PA16 OED
(Telephone Largs 675421)

POWER SUPPLIES

POWER SUPPLY CARDS. + 12 volts and + 5 volts. Fully
regulated with S/ C protection. E19.99 + £1 P&P. C.W.O.
To ANENT POWER, 2 Kelvin Square, Livingstone,
West Lothian.

MISCELLANEOUS

CABINET FITTINGS
FOR

Stage Loudspeakers and Amplifier Cabs
Fretcloths, Coverings, Strap & Recess Handles, Feet, Castors,
Jacks & Sockets, Cannons, Bulgin 8 ways, Reverb Trays,
Locks & Hinges, Corners, Trim, Speaker Bolts etc.
Send 2 x 9p Stamps for samples and illustrated catalogue.

ADAM HALL (P.E. SUPPLIES)
Unit 3, Carlton Court, Grainger Road

Southend-on-Sea, Essex.

SUPERB INSTRUMENT CASES BY BAZELLI, manufactured
from P.V.C. faced steel. Hundreds of people and indus-
trial users are choosing the cases they require from our
vast range. Competitive prices start at a low 90p, chassis
punching facilities at very competitive prices, 400 models
to choose from, free literature (stamp would be appreci
ated). BAZELLI, Dept: No. 23, St. Wilfred's, Foundry
Lane, Halton, Lancaster. LA2 6LT.

PRACTICAL ELECTRONICS P.C.B.'s
in glass fibre tinned and drilled

Dec. 77 Car Burglar Alarm 1412-1 68p.
May 78 Moving Light Display £2.76.
July 78 Dimwit £1.78. Aug 78 Touch Switch 85p.
Aug 78 Digital Thermometer, two boards £1.45.
Oct. 78 High Performance Power Supply £2.18.

. Oct. 78 Analogue Computer:
Overlord £3.31. Relay £2.41. Main £6.85.

Nov. 78 Auto Light £1.00.
Dec. 78 RC Motor Control 67p. RC Fail Safe 39p.

Guitar Sound, Main board £2.95.
Jan. 79 Guitar Sound, clock £1.87.

Low pass filter £1.95.
Noughts and Crosses. set on boards £6.38.

For full list and current boards please send S.A.E.
P.C.B:s also produced from customer's own master -
please send for quote.
Postage - On orders less than £10.00 please add 25p.

postage. C.W.O. please.

PROTO DESIGN
14 Downham Road, Ramsden Heath, Billericay,

Essex CM11 1PU

BLOWN UP ANY GOOD CIRCUITS LATELY?
ELIMINATE THE GUESSWORK WITH AN A.C.

M I LLIVOLTM ETER

This valuable piece of test equipment enables the amateur
or professional to measure A.C. voltages accurately and
easily. The unit is mains operated and comes complete
with test lead.
Specifications: Range 1nW f.s.d. to 100y f.s.d. in 6 ranges.
Frequency response: 10Hz to 100kHz ±1dB, Accuracy:
within 1% typ. Input impedance: 1 megohm.

Price £48.50 inclusive. Send your cheque or postal order
for £48.50 to Magna Electronics, 18 De La Warr Road,
East Grinstead, West Sussex, RH19 3BP

ALARM EQUIPMENT AND ELECTRONIC COMPONENTS. Car
alarm control units: Type 'A', immediate operation,
automatic reset, kit - £5.50, assembled - £6.80. Type 'B'.
timed exit/entry, automatic reset, kit - £8.25, assembled
£10.90 (10% discount 10+). Lockewitches £3.50. 12v sirens
£5.90. Bell boxes £5.75. 12v Bells £8.25. BC 10810p (10+).
555's' 32p (10+). 741'e 24p (10+). P&P 10% extra. WEBB
ELECTRONICS, 41 Winwick Street, Warrington. (Tel.
54174).

1111133i
Readily available Hardware and
Accessories for Home Constructors,
Dev. Engineers, Modelmakers.

Selected range of quality components,

Drawing materials for p.c.boards,
Reliable resist coated epoxy glass
laminate, no unusual chemicals.
Printed circuit hoards, top quality to
personal designs, prompt service.

Photography for p.c b.

Solid tungsten carhide drills

All immediately available.

Catalogue 15p stamps please to

RAMAR CONSTRUCTOR
SERVICES,

Masons Rd. Stratford on Avon

Warwks. CV37, 9NF 0189 -4819

PRINTED CIRCUIT BOARDS in glass fibre, drilled tinned or
varnished, from your own or published designs. S.A.E., for
quotations. R. F. DARLISON, 12 Whiteoaks Road,
Oadby, Leicester.

GUITAR/PA/MUSIC AMPLIFIERS
100 watt with superb treble bass overdrive. 12 months
guarantee. Unbeatable at £40; 60 watt £35; 200 watt £56;
Twin channel sep treble/bass per channel £52; 60 watt
£46; 200 watt £69; 100 watt four channel sep treble/
bass per channel £65; 200 watt £79; Slaves 100 watt
£32; 200 watt £48; Fuzz boxes great sound £7.90; Bass
fuzz f11.50; 100 watt combo superb sound overdrive,
sturdy construction, castors, unbeatable £85; Twin
channel £95; Bass Combo £95; Speakers 12in. 100 watt
£22.50; 60 watt f14.50; Shure mic unidyne B £26.
Send Cheque or P.O. to:

WILLIAMSON AMPLIFICATION
62 Thorncliffe Ave, Dukinfield, Cheshire

Tel. 061-344 5007

TOUCH SENSITIVE Lightdimmer P.C.B. + circuit 75p.
Electronic Siren 12v 4 watts, kit £2.99. P.C.B. + circuit
90p. Electronic siren attractively cased with internal loud-
speaker. Kit £5.99. Details on request from H.T.E. 50
Milnefield Avenue, Elgin, Morayshire.

NO LICENCE EXAMS NEEDED
To operate this miniature, solid-state Trans-
mitter -Receiver Kit. Only 19.75 plus 25p
P. & P.
'Brain -Freeze' em with a MINI -STROBE
Kit, pocket -sized 'lightning flashes', vari-speed,
for discos and parties. A mere £4.30 plus 20p
P. & P. Experiment with a psychedelic
DREAM LAB, or pick up faint speech/sounds
with'the BIG EAR sound -catcher; ready-made
multi -function modules. £5 each plus 20p
P. & P.
LOTS MORE! Send 20p for lists. Prices include
VAT.

BOFFIN PROJECTS
4 Cunliffe Road, Stoneleigh

Ewell, Surrey (P.E.)

micron

MICRON

RADIO
CONTROL
SPECIALISTS
Kits for multi channel
systems. Special parts
and accessories.
S.A.E. FOR LEAFLEICS

Tel: 0602 395418

Hayworth Road,
Sandiacre, Nottingham.

R/C,

TRANSISTORISED IGNITION KIT
.£4.86 incl. car, & VAT*

Complete pack of ports with p.c.b. to build our transistorised
ignition system based on Dorlington Power Transistors specially

developed for auto ignition.
Send S.A.E. for FREE CIRCUIT diagram.

All components with p.c.b. (less case) £4.86.

SOLEC PRODUCTS,
68 Dale Street, Manchester, Ml 2HS.

DEAD or ALIVE
ORJUST Nsv
MIXED up?7,3.
The remarkablii:,

°,1% '''42 

SOCKET "
TESTER

,

13 AMP PLUG
TYPE...OR
1/ REMOTE CONTROL

to use with any type plug

Shows you

instantly

the exact

fault or if

all correct

Safety fast! Shows at
once; 1, If all wires
correct. 2, Live wire
fault. 3, If neutral
fault. 4, Live and

rneutral reversed. 5,
Earth fault. 6, Live
and earth reversed.

British made. 13 -amp plug type or remote
readout type to use with any plug. Both
same price £4.20 post free from the
manufacturers. (2 for £7.95, 3 or more
£3.90 each).

GALATREK ENGINEERING
Dept. PE3, Scotland Street,

LLANRWST, Gwynedd, N. Wales.

NICKEL CADMIUM BATTERIES
Rechargeable and suitable for 'fast charge' HP7 (AA) £1.13,
SUB C £147, HP 11 (C) £2.15, HP 2 (D) £3.27, PP3
£4.09, PP3 not suitable for fast charge, PP3 charger £5.81.
All above Nickel Cadmium batteries are guaranteed 'EVER
READY' full spec, and are supplied complete with solder
tags (except PP31. Just in stock -New rechargeable sealed
lead acid maintenance free batteries suitable for burglar
alarms etc.. 1.2 amp hr 6v. £440 2.6 amp hr. 6v £5.65.
Quantity prices available on request. Date and charging
circuits free on request with orders over £10 otherwise 30p
post and handling (specify battery type), all prices include
VAT. Please add 10% P & P on orders under 10. 5% over
E10.

Cheques. postal orders. mall order to SOLID STATE
SECURITY DEPT PE 10, Bradshaw Lane, Parbold,
Wigan, Lancs. 02578-4726.
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THE SCIENTIFIC
WIRE COMPANY

PO Box 30. London E.4
Reg. Office 22 Coningsby Gdns

ENAMELLED COPPER WIRE

SWG 1 lb 8 oz oz 2 oz
10 to 19 2.65 1.45 .75 .60
20 to 29 2.85 1.65 .90 .70
30 to 34 3.05 1.75 1.00 .75
35 to 40 3.40 1.95 .15 .84
41 to 43 4.55 2.55 1.95 1.30
44 to 46 5.05 3.05 2.15 1.70
47 8.00 5.00 3.00 1.80
48 15.00 9.00 6.00 3.30

SILVER PLATED COPPER WIRE
14 & 16 4.50 2.25 1.44 .90
20 & 22 5.00 2.85 1.74 1.06
24 & 26 5.70 3.31 2.00 1.22
28 & 30 6.67 3.86 2.35 1.44

Prices include P & P and VAT
SAE brings list of copper & resistance Wires
Dealer Enquiries Invited.

BUILD THETREASURE TRACER

FMK III Metal Locator

Vanua tn..;
Brnein e best selling metal locator kit
Fined wan Serer:WY er,ro,d
speaker and ...ono. operatiOn
4.000 Wrestle sold
Prebulit worth tot essernble
,rre
..0'0Ugh,Y PrOleeeional finer,
You only need soldering von. screw
driver Wier. one moo
As wen on BBC -1 end BBC, TV

Sand Combed 11.1.11.C1 envelope
tpr 111./

Completetested£15-95 Bud' and £20.95it
Post II 20 I 37 VAT Post 11 20 it 77 VAT

MINIKITS ELECTRONICS 6g CLEVELAND ROAD
LONDON E18 2AN

MAKE YOUR OWN PRINTED CIRCUITS
Etch Resist Transfers - Starter pack (5 sheets, lines,
pads, I.C. pads) £1.45. Large range of single sheets
in stock at 30o per sheet.
Ferric Chloride - 1 Ib bags 80p (PAP' 50p)*
Master Positive Transparencies from P.C. layouts in
magazines by simple photographic process. Full in-
structions supplied. 2 sheets (20 x 25cm) negative
paper and 2 sheets (18 x 24cm) positive film £1.20.
S.A.E. lists and information. P&P 25p/order except*

P.K.G. ELECTRONICS
OAK LODGE, TANSLEY, DERBYSHIRE

AERIAL BOOSTERS. Improve weak VHF Radio and Televi-
sion reception, price £5. S.A.E. for Leaflets. Electronic
Mailorder Ltd., Ramsbottom, Bury, Lancashire.BLO 9AG.

W.K.F. ELECTRONICS
(R.P.C.B.S. Ltd.)

THE CIRCUIT BOARD SPECIALISTS
UNIVERSAL SUPPLIERS

Contractors for: P.C.B. Production, Contract Drill-
ing, Electroplating, Laminate Cutting.
Services for: Master Artwork Preparation, Process
Photography, Circuit Diagrams, Layouts & Legends.
Consultants for: Instrument Engineering, Auto-
matic Control & Applications.
Do -It -Yourself Won't Do: Today's assemblies
demand close tolerances.
Goodbye to the Long Wait: 3 to 7 Day Prototype
P.C.B. Production Service.
Quotations: By Return. Guaranteed Quality on
every process.
Short or Long Term Production now acceptable
from 1 to 10,000 units.
We Universally Distribute: Laminate, Carbide, Drill
Bits & Routers, Process Chemicals (any), Pre -
sensitised Laminate, Drilling Machines (Manual,
Multi -spindle, N.C./C.N.C. Control), Graphic Art
Draughting materials & aids.
We Manufacture to Specification: Quality Circuit
Boards (Single or Double Sided with any finish). Due
to expansion we now have space available for
prototype or long term production.
For quotations: Submit Copy Masters, Roughs,
Circuit or Sample units for costing.
To:
W.K.F. ELECTRONICS
FLEET HOUSE. WELBECK STREET
WHITWELL, WORKSOP, NOTTS.
TEL: WORKSOP 10909) 720695
TELEX: 547616
Telephone Quotations: Ask for pricing

NOTICE TO OTHER MANUFACTURERS

IS YOUR DRILLING/ROUTING DEPARTMENT A
BOTTLENECK?
IF SO TRY OUR SERVICE FOR DRILLING AND
ROUTING.

THE RATES ARE VERY REASONABLE AND THE
FAST SERVICE WILL ENSURE THAT YOUR

CLEARING LABORATORY. Scopes, recorders, testmeters,
bridges, audio, R.F. generators, turntables, tapeheads,
stabilised P.S.U.s, sweep generators, test equipment, etc.
Lower Beeding 236.

I. C. EXPERIMENTAUEDUCATIONAL KITS
This popular series of Kits on Digital Logic techniques has
now been further improved to include additional com-
ponents, resulting in greater constructional flexibility and
educational capacity. Each Kit contains selected I.C.'s,
Holders, Veroboard, L.E.D.'s and Instructions. Available at
£5.00 each (inc. p. &
Kit One - Gates Kit Two - Flip -Flops
Kit Three - Shift Registers Kit Four - Counters

Kit Five- Displays
SA.E. for further details to:
AUTOMATED HOMES

69 High Street. Ryton. Coventry CV8 3FJ
(mail order only)

VIDEO
MUSIC

VI D Wag/OP.

4
t

Videograph II links to the aerial socket of
your tv and provides a full colour GIANT
oscilloscope display. A must for hi-fi, home
entertainment, discos, organs etc.
New - signal invert control, integral square wave
generator. Plus - full details for testing your audio
system for transient distortion, crosstalk etc.
Complete 219.9 Luxury cabinet and
Kit only U

Jr
controls. e9.95

READY BUILT VIDEOGRAPH £39.95 + £1. Post & Packing.
WILLIAM Dower House, Billericay Road,

STUART Herongate, Brentwood,
EsSex CM13 3SD,

`SYSTEMS Ltd Telephone, Brentwood 102771 810244

3,000,000 Resistors To Clear
Pre -bent Resistors in packs of mixed values

100 x 0.33W x 5% 10% over 1 MO £0.65p.
100 x 0.5W x 5% 10% over IMO £0.95p.

Cheques and Postal Orders should be made payable io:
Pentagon Electronics and include 10p P &P.

PENTAGON ELECTRONICS
1st Floor, The Parade. Frimley, Surrey.

ORDER FORM PLEASE WRITE IN BLOCK CAPITALS

Please insert the advertisement below in the next available issue of Practical Electronics for

insertions. I enclose Cheque/P.O. for £

(Cheques and Postal Orders should be crossed Lloyds Bank Ltd. and made payable to Practical Electronics)

NAME

ADDRESS

Company registered

Send to: Classified Advertisement Manager
PRACTICAL ELECTRONICS
GMG, Classified Advertisements Dept., Room 2337,
King's Reach Tower, Stamford Street,
London SE1 9LS. Telephone 01-261 5846
Rate:
20p per word, minimum 12 words. Box No. 60p extra.

n England. Registered No. 53626. Registered Office: King's Reach Tower, Stamford Street, London SE1 9LS.
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SYSTEM DESIGN
WITH

MICROPROCESSORS
by D. Zissos Price: £7.00

BASIC FOR HOME COMPUTERS A SELF
TEACHING GUIDE
by B. Albrecht Price: £4.55

BEGINNER'S GUIDE TO HOME COMPUTERS
by M. Grosswirth Price: £3.20

MASTER OP -AMP APPLICATIONS
HANDBOOK
by H. W. Fox Price: £7.75

UNDERSTANDING DIGITAL ELECTRONICS
by Texas Inst. Price: £3.90

PRACTICAL ELECTRONICS
by B. Woollard Price: £3.65

DIGITAL ELECTRONIC CIRCUITS &
SYSTEMS
by N. M. Morris Price: £4.30

ELECTRONIC FAULT DIAGNOSIS
by G. C. Loveday Price. £3.20

SOLID STATE BASICS FOR THE RADIO
AMATEUR Price: £4.00

MICROELECTRONICS Price: £3.60

*ALL PRICES INCLUDE POSTAGE*

THE MODERN BOOK CO.
BRITAIN'S LARGEST STOCKIST

of British and American Technical Books

19-21 PRAED STREET
LONDON W2 1 NP

Phone 01-723 4185

Closed Saturday I p.m.

NO

BATTERIES

NO WIRES
ONLY

.E32.99
PER PAIR

+ VAT 84 11

The modern a .(y of instant 2 -way communications. Supplied
with 3 -core wire. Just plug into power socket. Ready for
use. Crystal clear communications from room to room.
Range 4 -mile on the same mains phase. On/off switch.
Volume control. Useful as inter -office intercom. between
office and warehouse in surgery and in homes. P. & P. 99p.

4 -STATION INTERCO

V.A.T. 11.85
Solve your communica-
tion problems with this

-Slutlou 1,...,1,r intercom cistern (1 master and 3 Subs),
in robust plastic cabinets for desk or wall mounting. Call/
talk/listen from Master to Subs and Subs to Master. Ideally
suitable for Business, Surgery, Schools, Hospitals and Office.
Operates on one 9V battery. On/off switch. Volume control.
Complete with 3 connecting wires each 66ft. A Battery
and other accessories. P. & P. 99p.

NEW , AMERICAN TYPE CRADLE

TELEPHONE AMPLIFIER

oN 1,Y

£16.95
A VAT 61. Sri

Latest Telephone Amplifier with detached
plug-in speaker. Placing the receiver on to the cradle
activates a switch for immediate two-way conversation
without holding the handset. Many people can listen at a
time. Increase efficiency in office, shop, workshop. Perfect
for "conference" calls: leaves the user's bands free to make
notes, consult files. No long waiting, saves time with long-
distance calls. On/off switch, volume control, conversation
recording model at 81996 + VAT 11.60. P. & P. 89p.

10 -day price refund guarantee on all items.
WEST LONDON DIRECT SUPPLIES (PW2)

169 KENSINGTON HIGH STREET, LONDON, WS
01-487 5.540

SEMICONDUCTORS
Sy

AC 176/187 11 OC 200
BC 107/8/9 8 OC 201

`BC 147/8/9 8 OC 202
KY 70/1/2 14 *F1 20088
80131/2 34 `8 20108
BO 135/6/7 35 'TIP 29/30
80138/9 36 TIP 31A
BF 115 18 TIP 32A

*BF 167 23 TIP 41A
BF 180/1/4 28 TIP 42A

*BF 194/5 9 *ZTX 301/2
BF 197 10 *ZTX 502
BF 200 28 IN 4001/2
BF 257/8/9 26 IN 4004/5

'BF 336 32 IN 4006/7
*BF 337 28 ZN 1304
.13T 106 110 ZN 1305
'13U 205 150 ZN 1308
'BO 208 160 ZN 3053
131.1 208A 175 ZN 3055

MJE 340 43 "IN 3819
MJE 520 43 "IN 4443

.13A 200 7
OC 28 88
OC 35 78
OC 140 82

BARGAIN PAKS
ALL FULL SPEC

PAK No.
Al 5 x 741 8P 98
A2 4 x 555 8P 100

*A3 25 xAA119 75
A4 5 xAC126 75

gg A5 3 x AD 161 or 162 90
gg *A8 25 x BAX 13 70
81 `A7 5 x BB 105A or B 70
62 "A8 5)(1E117 or 118 60
12 *A9 10 x BC 132 90
16 'A1010x BC 147, 8 or 9 70

5 *All 10 x BC 172 65
6 *Al2 10 xl3C 182.3 or4 70
7 *A13 10 x BC 2048

40 Cropped Leads 50
30 *A1410 x BC 212.3 or 4 70
40 415 5 xE1C 301 or 303 110
20 'A1610 x BC 547, 8 or 9 80
48 Al 7 10 x BCY 70 110
21 418 3490115 110
81 419 2x BD 695A or 64 110

A20 3 x BF 180, 1 or 5 70
W/W RESISTORS *421 5 x BF 198 55

*2.5W. 15W 10 A22 4 xl3F 324 BO *E12 Series
5W, lOW 9 "A23 4 x BM 80 75 4 R7 ohms to 8M2

70
72
82

170
170
39

PAK No.
A24 5 x BEY 50 or 52 75
A25 5 x 8SX 19 or 20 65

*A26 10 x 8Y 127 80
A27 3 x C 1060 120

'A2825 x 1S 44 or 941 70
A29 5 x 2N 930 80

'A3010 x 2N 3702, 3. 4 or 5 65
A31 10 x 1 Megohm preset 0.25W 60

*A32 50 0 Mixed W/W Resistors
2.5W. 5W, 10W, etc 150

*A33 50 x 2.5W WAN Resistors 150
*434 50 x 5W W/W Resistors 150
A35 50 x 74 Series with

Preformed Pins 220
5436 10 x 0.1/6004 Duhilier

Capacitors 60

ANTEX IRON

C-2400 15W 360

CARBON FILM RESISTORS
ANY MIX

1 100*
1.5p I.2p

DISCOUNTS: 25 10% (OF ANY ONE TYPEI
MIN ORDER £2.00 PAP 30p. VAT -PLEASE ADO 8% EXCEPT THOSE MARKED *WHICH ARE 12.5%

S.A.E. FOR LISTS. WHOLESALE AND INDUSTRIAL ENQUIRIES WELCOME.

K & A DISTRIBUTORS 52 BARKBY ROAD, SYSTON, LEICESTER LEI RAF. TEL: 0533 609391.

IT'S EASY WHEN YOU KNOW!
To avoid missing your copy of PRACTICAL ELECTRONICS - simply complete this order form and hand it

to your newsagent.

ORDER FORM

To'
(name of newsagent)

Address

Please reserve/deliver every month one copy of PRACTICAL ELECTRONICS until further notice.

My Name

Address

TIMETRON d
cornmende

TEMPUS
Until TEMPUS have re-established their business we
will be pleased to supply you from the superb range of

QUALITY CASIO PRODUCTS
A well known consumer magazine has published a
report on digital watches which supports our opinion
that CASIO and SEIKO are probably the best
watches in the world,
with CASIO offering unbeatable value for money

13XSI CASIO 46CS-27B
Almost certainly the slimmest and most
sophisticated alarm/chronograph watch available
today.
Liquid crystal display of hours, minutes, seconds,
day; And with day, date, month and year perpetual
calendar.
 Optional 12 hour clock

(with am/pm indicators)
or 24 hour display.

 24 hour alarm setting.
 Optional hourly chimes.
 Chronograph measures

in units of th second
to six hours.

 Net, lap and 1st & 2nd
place times.

 All stainless steel case
only 7.8mm thick

 Mineral glass face
 Water res. to 100ft,
 ± 10 seconds/month

CASIO CHRONOGRAPH
45CS-22B Similar functions to the above watch
but without the alarm and chime.
(RRP £69.95) £54.95
CASIO SPORTS WATCHES. LCD, 6 digits,
th second stopwatch; net, lap and 1st & 2nd place
times. Time and calendar display. F-100 4 fi nr
Resin case, strap (£24.95) I U.UU
520S -14B s/s encased, bracelet
(£44.95) £34.95

11410 CASIO CARD WATCH
THE INCREDIBLE MO -11

Microcomputer Quartz
Sensor Touch Keys
LC Display of hours,
minutes, seconds, am/pm
full calendar display of
day, date & every Sunday.
Also digital date, month,
year; And day, Sundays.
Three date memories.
Two independant alarms
with hold & display fac.
Countdown alarm/timer,
or Time Memory (24hr),
or sec stopwatch.

Will display any monthly calendar from 1901 to 2099.
Memories and displays three optional important
dates. Calculator with Sensor Touch keys, full
memory, %, , K. Battery life approx.
1 year. x 34- ins. Leatherette wallet
with window (£34.95) An Incredible £29.95

`M'8 gW,T
mn 8

:15[ 3 3?

REEE* E E 0
 CI CI (=I

aiEL;Lope

CO CASIO CQ-82
LCD calculating alarm clock with snooze facility

/1111111a1e41!®i

6 digit LC Display of time, with nightlight. Four
alarms, one with snooze facility. Calculator with %,

, K.Long battery life, compact size
(£24.95) £19.95
CO -81 Calculating alarm clock now only f14.95
P0-7 Alarm clock, alarm/timer,
stopwatch, Now £17.95

0332 CASIO A13-2000
Calculating alarm clock with stopwatch
and calendar
ST -24 Card Time. Calculator, stopwatch,
2 alarm/timers.
Most CASIO products in stock. Send 15p for
brochures.
Prices include VAT, P & P. Send cheque, P.O. or
phone your Access or B'card number to:-

TIMETRON
Dept PE.. Beaumont Suite. 164-167 East Road,

Cambridge CB1 1DB. Telephone 0223 67503
Callers welcome by appointment
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TRANSFORMERS
ALL EX -STOCK -SAME DAY DESPATCH. VAT 8%

12 OR 24 VOLT OR 12-0-12V
PRIMARY 220-240 VOLTS

Amps
Ref 12V 24V
111 0 5 0 25 2.20
213 10 05 264

71 2 I 3-51
18 4 2 4.03
85 5 2.5 5.00
70 6 3 535

108 8 4 742
72 10 5 812

116 12 6 8.99
17 16 8 1072

115 20 10 1398
187 30 15 1705
226 60 30 36.14

P&P
0 45
0 78
0 78
0 96
0.79
0 96
1  14
1 14
1 32
1 32
2 08
2 08
OA

30 VOLT RANGE
Pri 220/240V Sec 0-12-15-20-24-30V.
Voltages available 3, 4, 5, 6, 8, 9, 10, 12,
15, 18, 20, 24, 30V or 12V -0-12V,
15V -0-15V.
Ref Amps £ P & F
112 0 5 2.84 018

79 1 0 3.57 0.96
3 20 577 0.96

20 30 620 1 14
21 4'0 7.99 1.14
51 50 987 132

117 6 0 11.17 145
88 8 0 14-95 1.64
89 10 0 1725 1.84

SCREENED MINIATURES
Ref mA Volts
238 200 3-0-3
212 14, IA 0-6, 0-6

13 100 9-0-9
235 330, 330 0-9, 0-9
207 500, 500 0-8-9-, 0-8-9
208 14, 14 0-8-9, 0-8-9
236 200, 200 0-15, 0-15
214 300, 300 0-2C, 0-20
221 700 (DC) 20-12-0-12-20
206 14, IA 0-15-20-0-15-20
203 500, 500 0-15-27-0-15-27
204 14, 1A 0-15-27-0-15-27
239 50 12-0-12

2.57
285
2.14
199
2 77
3 53
1.99
2.80
341
4.63
3.99
6.04
2.57

P&P
0 55
0 78
o 38
0 38
0 71
0 78
0 38
0 78
0 78
0 96
0 96
0 96
0 38

50 VOLT RANGE
Pri 220/240V Sec 0-20-25-33-40-50V.
Voltages available 5, 7, 8. 10, 13, 15, 17,
20. 33, 40 or 20V -0-20V. 25V -0-25V.
Ref Amps f P A P
102 0 5
103 1 0
104 2 0
105 3 0
106
107
118
119

4 0
6 0
80

10 0

341
457
716
8.56

11 41
1506
2026
24.98

0 78
0.96
1 14
1 32
1 50
1 64
2 08
OA

80 VOLT RANGE
Pri 220/240V Sec 0-24-30-40-48-60V.
Voltages available 6, 8, 10, 12, 16, 18, 20,
24, 30, 36, 40, 48, 60V or 24V -0-24V,
or 30V -0-30V.
Ref Amps £ P & P
124 05 3.88 0.96
126 10 5.91 096
127 2 0 7-60 1.14
125 3 0 11.00 1 32
123 4 0 12.52 1.84
40 5 0 15.84 164

120 60 1806 1.84
121 8 0 2556 OA
122 10 0 2955 OA
189 12 0 3406 OA

COMPONENT PACKS
65 w Metal Oxide Resistors
65 7w Metal Oxide Resistors

150 Mixed Value Capacitors
10 Read Switch.
60 Wire Wound Resistors,
10 Caps 3000mf 30v.
25 assorted Presets.
50 Wire Wound Resistors,
Hardware B.A. nuts, bolts.
washers etc. 70p each pack

10 Caps 400uf 30V.
10 Caps 32 of 450V.
10 Caps 680uf 16V.
10 Caps 1000uf 50V.
10 Caps 2000uf 25V.

8E9 Miniature
Transformer

Pri 0-240V Scr 28 x 26 x
or 12Ornm Sec. 2-0-12V

50MA 90p P. & P. 38p
121% P & P 40p.

TEST METERS
U4315 Budget Meter 20,000 ohmN Ranges
1000V AC/DC 2.5A AC/DC 500K resistance in
steel robust case £15 85
AVO8 £81.70
AV071 £33-58
AV073 £45.20
EM272 £53.70
MM5 £2866

17169 in circuit transist
tester £34-75

Megger BM7
Battery type £4515

Wee Megger crank £66.90
04116 AVO handle

digital £10200 Ever Ready Avo 8
P&P f 1.15 VAT 8%. Leather Case £2105

Full range of AVO s, Meggers and Cases.

AMPLIFIER MODULES
10W IAL301 £3.75
25W (AL601 £4.57
35W 141.801 £7,15

125W 1AL2501 £1725
Power Supply PSI 2 £1.30
Power Supply SPM80 E4.25
Pre -amp P412 £6.70

PA100 £13,88
VAT 121% P & P 35t,

ABS Plastic Boxes inset brass
nuts, slots to take PC cards, flush
fitting lid.
PB 1 80mrnx 62 x40 65p
P82 100mrnx 75x 40 73p
PB3 120mmx 100 x45 87p
P84 215mm x 130x85* £2.54
P& P 29p. VAT 896140pi P& P

"-Plug in Sava Batteries
P126 - fits into 13A SKT 6. 7.5,
9V. 300MA multiplug outlet
f4.00. P & P 55p. VAT 12-}96.

MINI-MULTIMETER
DC -1000V AC -1000V DC-100mA Res 150k0
10000/V Bargain £7.20 P & P 62p VAT 8%

MAINS ISOLATORS (SCREENED)
Pri 120/240V SEC 120/240V (C. Tapped)
Ref VA (Watts) C P & P
07. 20 4-40 0 79

149 60 6.70 0 96
150 100 7.81 1 14
151 200 11.16 1 50
152 250 1328 1 84
153 350 16.43 1 84
154 500 20.47 2 15
155 750 29.06 OA
156 1000 3720 OA
157 1500 51.38 OA
158 2000 81.81 OA
159 3000 86.66 OA
Pri 0.220-240 Sec 115 or 240V
State volts required

20,000 ohm/V Multimeter, mirror scale. Ranges
AC/DC to 1000V, DC currents to 250mA.
Resistance to 3 Megs. 5" x 31" x 1}"
£14.36 P&P E1.05 VAT 8%.

AUTO TRANSFORMERS
Ref VA (Watts) P & P
113 15 0-115210-240 2.48 0.71
64 75 0-115210-240 4.01 0.96

4 150 0.115-200-220.240 5.35 0 96
67 500 0-115-200-220-240 1899 1.64
84 1000 0-115-200-220-240 18-78 2 08
93 1500 0-115-200-220-240 2336 OA
95 2000 0-115-200-220-240 3462 OA

73 3000 3115-200-220-240 5921 OA
80S 4000 0-10.115-200-220.24076.86 OP.

576 5000 0-10.115-200-2262408990 OA

ISOLATOR - Special Price
0-200-220-240V, 0-240V Centre Tap, 250VA
Ref. 62 £5.20 P & P 96p

ELECTROSIL Metal oxide low noise resistors.

Va
60

350
1000
2000

HIGH VOLTAGE ISOLATORS
Print 200/220V or 400/440V

Sec 110/120V CT or 200/240 CT
Ref £ PAP
243 8-70 1 32
247 16.43 1 84
250 3710 OA
252 61.81 OA

CASED AUTO TRANSFORMERS
240V cable in 4. 115V USA 2 pin outlet
VA P& P Ref

75
150
200
250
500
750

1000
1500
2000

7.73
10.01
9.92

10.49
1917
2341
2788
2802
49-97

114
1 14

1 45
1 45
1 64

1 76
OA
OA

OA

SEND 15p STAMPS FOR CATALOGUE

64W
4W

65W
69W
67W
83W
84w
93W
95W

ELECTRONIC CONSTRUCTION KIT
Home electronics teacher. Start simply and
progress to a TRF radio or electronic organ. No
soldering, all parts included in presentation box.
Full instructions. £8.29 VAT + 96p p&p.

43mm x 43mm PANEL METERS 82mm x 78mm
0-5004 6-20 0-5004 6.70 Carriage
0-50004 5.95 0-50004 6.70 65p
0-1m4 5.95 0-1mA 670
0-30V 5.95 0-30V 6.713 VAT 8%
VU Ind Panel 90mm 2500a £3.36
VU Indicator Edge 54mm x 14mm 250pa,
FSD £2801

Cassette Tapes Low Noise
C60 30p P. & P. 15p
C90 42p P. & P. 150 VAT 8%.

Prices correct 17.8.78. Please add
VAT after P. & P. PEI.

NEW RANGE TRANSFORMERS
Pri 0-120 or 220-240V
Pri 0-220-240V 2 Amp. 45 36 0
36-45 £9.89
Sec. 0-36-48 twice. To give
36-0-36, 48-0-48 72V or 92V.
3A £14.70 P&P E1.48
4A £18.77 P&P E1.84
FA £26414 P& P £2 .15
Ref Amps Price P &P
171 0-15v 500MA £2,09 0-45
172 IA £2.960.78
173 Centre 2A £3.59 0.78
174 Tapped 34 £3.750.86
175 4A £5.730.96

S-DECS
Solderlms bread boarding

S Dec 70 contacts £3.10T Dec 208 contacts £435U Dec "A" for I. C.5 etc £4.50U Dec "8" for I.C.s etc £6.99
VAT 8% PAP 40p
ANTEX SOLDERING IRONS
15W £3.75 Stand £1.52
25W £3.95 121% VAT
P& P 46p VAT eV..

BRIDGE RECTIFIERS
100V 25A £2.10
200V 2A £0.45
400V 4A £0-85
400V with heat sink 6A £1.40

500V PM 7A6 12A £265
VAT 12+% P & P 15p VAT 896.

TRANSFORMERS
Special Offer

P.W. Purbeck oscil-
loscope transfotmer
in stock 250-0.250
6,3V. 12.9V £8.50
P & P 90p.

B E3 100V line to
4f) 7/10W £2.05
P & P 660
B E4 0-120V x 2
(120V or240IS:reen
sec 9-0-9V IA
t240 P & P 71p
BE5 15W rnatchtng
trans sec 150 suit
EL89 Cl 50 P & P
30p
BEe PRI 0-220V sec
4500V 10 M A E4.50
PSPC100
BE7 0-110-120
220V Pri 240V
Sec 20V 14 £180
30p P & P.
B ES 0-240 15 -
0-15V 2A £150
P. & P. 70p.

Ref 30 240-240
Isolator 200VA
£4.20 P & P 96

Barrie Electronics LtdJ
3, THE MINORIES, LONDON EC3N 1BJ

TELEPHONE: 01-488 3316/7/8
NEAREST TUBE STATIONS: A LDG ATE & LIVERPOOL ST

INDEX TO ADVERTISERS
Ace Mailtronix Ltd 58
Adam Hall (P.E. Supplies) 85
Aitken Bros 6
Alcon Instruments Ltd 78
Astra-Pak 8
Aura Sounds 6
Automated Homes 86

B.I.E.T. (Collier Macmillan) 80
Barrie Electronics 88
Bib Hi-Fi Accessories 72
Bi-Pak 12, 13
Birkett, J. 15
Boffin Projects 85
British National Radio &

Electronics School 11, 83

Cambridge Learning 9
Calscope (Scopes) 82
Cannon Components 88
Chromasonic 82
Clef Products 80
Codespeed 74
Continental Specialties 75
Crescent Radio Ltd 4
Crimson Elektrik 58
Crofton Electronics 78
C.R. Supply Co 84

Delta Tech 80
Dzuibas, M 4 Micron R/C

E.D.A 76
Electronic Brokers 16
Electrovalue 74

Fladar Electric

G.I.S.A.L. (Gloucester
Industrial Sales &
Auctions Ltd) 77

Galatrex Engineering 85
George, David Sales 78
Greenweld Electronics 77

H L Audio 71
Harversons 52
Heathkit Ltd 81
Home Radio 58

I.C.S. Intertext 6, 84
I.L.P. Electronics 73
lnskip, Norman 79

J.W.B. Radio 84

K & A Distributors 87
Kay & Co Ltd 2

L & B Electronics 80
London Electronic College 84
Lord, Jeremy 72

Magna Electronics 85
Maplin Electronic

Supplies cover iv
Marshall A. (London) Ltd 57
Metac 52

85
Mill Hill Supplies 8
Minikits Electronics 86
Modern Book Co 87

P.K.G. Electronics 86
77 Pentagon Electronics 86

Phoenix Electronics 15
Phonosonics 14, 15
Progressive Radio 58
Proto Design 85

Radio Component Specialists... 81
Ramar Constructor Service 85
R.S.T. Valve Mail Order 76
Radio & T.V. Components 7

Sabtronics 16
Saxon Entertainments 10, 11
Science of Cambridge 51
Scientific Wire Co 86
Sentinel Supply 8
Service Trading cover iii
Solec Products 85
Solid State Security 85
South Scotland Electricity

Board 85
Squire, Roger 2

Sugden, A. R. 4
Swanley Electronics 8

Technomatic Ltd 3
Teleplay (Logic Leisure) cover ii
Timetron 87
T.K. Electronics 2

Trident Exhibitions 72
T.U.A.0 74

W.K.F. Electronics 86
Watford Electronics 5

West London Direct Supplies ...87
Williamson Amplification 85
William Stuart Systems Ltd 86
Wilmslow Audio 11

CANON
COMPONENTS

Low imp Dynamic Mic's Brand new in packs £1.62
Triacs 10 amp. 400v brand new AEI full spec. all with fitted
heavy duty heat sink £2.55
22 way edge connectors Ex equipment but clean 0.15
matrix gold plated complete with locating pin Only 58p
17 way edge connectors Brand new. 15 pitch complete
with locating pin and fixing brackets. Tinned. Only 35p
Connecting wire 15p per 10 metres or mixed at E3.00 per
kilo approx.
Tagstrips 30 way new.15p
Group Board 17 or 34 way brand new 12p and 24p

DIAL -A -BOX
As featured in "P.E. MARKET PLACE" a comprehensive
standard range of boxes for the constructor, or custom built
to your specification. Send your requirements with S.A.E. or
phone for quote.

Lamp panels with over thirty lampholders fitted ideal for
light displays or moving light shows. Only 85p
Mains selector panels from 200v -250v. Brand new 20p
each
Cable Ties long re-usuable 6" plus. 3p each.
Transformers 20-0-20v 400 mA £2.50 each.
4mm Screw Terminals assorted colours of our choice
E1.00 for six.

STOP

PRESS!
P. E. Guitar Sound Multiprocessor

Send SAE for quotation for a purpose
built case for this project.

All prices include VAT - Please add 65p Post
& Packing per item to total cost of order.

Open daily 9.30am-6pm -Access or
Barclaycard accepted - S.A.E. for lists.

322-334 WHITEHORSE ROAD,
CROYDON, SURREY CRO 2LF

TEL: 01-684 9872
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RELAYS SIEMENS, PLESSEY. etc.
MINIATURE RELAYS VARIABLE VOLTAGE TRANSFORMERS

te.

RELAYS. WIDE RANGE OF A.G. and D.C. RELAYS
AVAILABLE from stock, phone or write in your enquiries

FT3 NEON FLASH TUBE
High intensity multi turn. high voltage. neon
glow. discharge flash tube Design for ignition -
timing. etc £1.50. P. 8 P 25p (t1-119 inc. VATI 3 -
fpc £3. P & P 50p (t3'78 inc. VAT & P.1.

RODENE UNISET
TYPE 71 TIMER
0-60 sec. 230V a.c. operation. Incor-
porating a lapsed time indicator and
repeat facilities. A precision motorised
timer ideal for process timing, photo-
graphy, welding, mixing. etc. Price £6
P. & P. 60p.

WHY PAY MORE?
MULTI RANGE METER Type MF15A a.c. d.c.
volts 10 - 50, 250. 500, 1000. Ma 0-5, 0-10,
0-100. Sensitivity 2000V: 24 range, diameter
133 by 93 by 46mm including test leads. Price
£7.00 plus 50p P. & P.1£8.10 inc.VAT &

N.M.S

INPUT 230/240V a.c. 50/60 OUTPUT
VARIABLE 0-260V All Types
SHROUDED TYPE
200 watt (1 amp inc, a.c. voltmeter £14.50
0.5 KVA (2} amp (MAX) £17.00

.1 KVA (5 amp MAX) £22.50

.2 KVA (10 amp MAX) £37.00

.3 KVA (15 arnp MAX) £45.50

.5 KVA (25 amp MAX) £74.00
10 KVA (50 amp MAX) £168.00
15 KVA (75 amp MAX) £260.00

CARRIAGE AND PACKING EXTRA

PARVALUX MOTOR TYPE SD2
12 volt. D.C. shunt H.P. Motor. Continuously rated 4,000
r.p.m. £10 P. & P. 75p £11.61 inc. VATI. N.M.S.

GEARED MOTORS
100 r.p.m. 1151b.in. 110V, SOHO. 2 8A,
single phase split capacitor motor
Immense power Continuously rated
Totally enclosed. Fan cooled in -line
gearbox. Length 250rnm Dia 135mm. Spindle dia 15 5mm
Length 145rnm Ex -equipment tested £12. Post Et 50 (t14.5111
inc VAT & P ) Suitable transformer 230/240V operation ti.
Post 75p It9i45 inc. VAT & P

METERS Mewl- 90 mm DIAMETER
A.C. Amp., Type 6272. 0-1A., 0-5A., 0-20A.
A.C. Volt. 0-150V., 0-300V.
D.C. Amp., Type 65C5. 0-2A., 0-10A.. 0-20A.,
D.C. Volt. 0-15V.. 0-30V.
All types £3.50 ea. + P. & P. 50p1£4.32 inc) VATI, except
0-100A. D.C., price £5.00 + 50p, P. & P. 1E5-94 incl. VAT).

NEW HEAVY DUTY SOLENOID. mfg.
by Magnetic Devices. 240V a.c. opera-
tion approx. 101bs pull (intermittent
rating) at iths in. Price £4.00 P. & P.
60p. (f4-96 inc. VAT & P.1. N.M.S.
A.C. SOLENOID pye ether type 176/2
240 AC. Approx 1Ib at inch,
intermittent rating. Price £1 p&p 20p (£1.30 inc VAT + P .

WESTPOOL TYPE 51 PAS Model 2, 240V AC. Approx lilb pull
at inch. Rating 1. Price £1.50 p&p 20p. )f 1.84 inc VAT + P)
N.M.S.

MINIATURE UNISELECTOR
° i

12 volt. 11 -way, 4 bank (3 non -bridging, ,,,,11-4/e
1 homing). £2.50.
P. & P. 35p (£3.08 inc. VAT & P.). N.M.S. 1/4.

.... .

240 A.C. SOLENOID OPERATED
FLUID VALVE
Rated 1 p.s.i. will handle up to 7 p.s.i. Forged brass
body, stainless steel core and spring in. b.s.p.
inlet outlet. Precision made. British mfg.
PRICE £3-50 Post 50p (£4.32 inc. VAT & Pl.

N.M.S.

MICRO SWITCHES
Sub min Honeywell roller m/s type 3115m 906t.
10 for £2.50 post paid.
LEVER OPERATED 20 amp. C/O. Mfg. by Unimax
USA 10 10 for £4, P. & P. 50p (min. order 101
£4.86 inc. VATI,
D.P. C/O lever m/switch mfg. by Cherry Co. USA. Precious metal
low resistance contacts. 10 for £2.25 P. & P. 30p. Total inc. VAT
£3.02 (min. 101.
Sub min lever Fri/switch type MML 46 10 for £2,50. N.M.S.
Post Paid £2.70 inclusive

LT TRANSFORMERS
0-10-15V at 3 amp (ex new equip) £2.50 P. & P. 50p 1£3.24 inc.
VAT)
13-0-13V at 1 amp £2.50 P. & P. 50p 1£3-24 inc. VATI
25-0-25V at 2 amp £4.50 P. & P. 75p (E5.67 inc. VAT & P.)
0-4V/6V/24V/32V at 12 amp £1850 P. & P. 1.90 1£22.03 inc.
VAT & P.)
0-6V/12V at 20 amp £14.70 P. & P. £1.50 1f17-50 inc. VAT)
0-12V at 20 amp or 0-24V at 10 amp £12.00 P. & P. £1.50
(f14.5.13 inc. VAT & P.)
0-6V/12V at 10 amp £13-25 P. & P. £1.251f10-26 inc. VAT)
0-6V/12V/17V/18V/20V at 20 amp £18.00 P. & P. E1.50
1f22-10 inc. VAT & P.1
0-10V/17V/18V at 10 amp £10.50 P. & P. £1.50 (f12-913 inc.
VAT)
Other types in stock; phone for enquiries or send sae for leaflet.

HY-LIGHT STROBE KIT MK IV
Latest type Xenon white light flash tube. Solid state
timing and triggering circuit 230/240V a.c. operation.
Designed for larger rooms, halls, etc. Speed adjustable
1-20 f.p.s. Light output greater than many (so called 4
Joule) strobes. Price £1900. Post El 1E21.60 incl. VAT
& P.I. Specially designed case and reflector for Hy -Light
£8.80. Post Cl (£10-58 inc. VAT & P.I.

XENON FLASHGUN
TUBES

Range available from stock
S A E for details

ULTRA VIOLET BLACK LIGHT
FLUOR ESC ENT TUBES
4ft. 40 watt £8.70 (callers only) 2ft. 20 watt £6.20. Post 75p.
1E7.51 inc VAT PI (For use in stan bi-pin fittings) Mini 12 in.
8 watt £2.80. Post 35p. (£3.40 inc VAT + P1.9 in. 6 watt £2.25.
Post 35p. IC2.81 inc VAT + Pl. 8 in. 4 watt £2.25. Post 35p.
1f2.131 inc VAT -I- P).
Complete ballast unit, for either 6", 9" or 12" tube 230V AC op
£3.50. Post 45p. (£4.27 inc VAT + P1. Also available for 12V
DC op £3.50. Post 45p. 1£4.27 inc VAT + Pl.
400 watt UV lamp and ballast complete £31.50. Post E3.
1£37.25 inc VAT + P1. 400 watt UV lamp only £11.25. Post
£1.201E13.45 inc VAT Pl.

GEARED MOTORS
28 r.p.m. 20 lba inch
115v a.c. Reversible motor.
71 r.p.m. 10 lbs inch
115v. a.c. Reversible motor.

Both types similar to above drawing. Price either type £4-75
p&p 75p.(E5 .94 inc VAT + p&p)
Supplied complete with transformer for 240v a.c. operation
E7.25 p&p £1 .001E8.9.1 inc VAT + p&pl

CROUZET 230/240V AC 2RPM synchronous geared motor.
ft2.90 p&p 30p. If 3.45 inc) VATI (quantity discount available.)
HAYDON 230/240V AC. 1RPM synchronous geared motor.
£2.90 p&p 30p. 1E3.45 inc) VAT + P1 N.M.S.

FRACMO GEARED MOTOR ; L,
56 r.p.m., 501b.in. 240V a.c. 50Hz, 0.756

sharplength 35mm, dia. 16mm. -I
weight 6 kilos 600 grammes. Price £1500
P & Et 501£17 82)

j

N.M.S.

PARVALUX GEARED MOTOR
230/240V A.C. 30 rpm 501tra inch. Price £15.00 P. & P. £1.00
1£17.82 inc. VATI. N.M.S.

PARVALUX GEARED MOTOR
230/250V a.c. 500 rpm, 311bs inch. 2 right angled spindles
£11.00 P & P 1.001£12.96 inc. VAT & P.1.
N.M.S.

CITENCO 19 RPM
FHP motor type C 7333,15 220/240V a.c 19
r.p.m reversible motor. torque 14 5 kg.
gear ratio 144-1 Brand new net
capacitors. our price E14.25. P P ti 25
1t15.20 inc. VAT 8 P

N.M.S.

FRACMO MOTOR
1400 rpm H.P. A continuously rated 115V a.c., fitted with anti -
vibration cradle mounting. Supplied complete with transformer
for 230/240V a.c. op. £10.00 P. & P. £1.00 1f11-88 inc. VAT & P.1

N.M.S.

MERCURY SWITCH
Size 27mm x 5mm, 10 for £5.00
line VAT £5.72) min quantity 10.

SQUAD LIGHT
A new conception in light
control. Four channels each
capable of handling 750 watts .. ._ - 4

of spotlights, floodlights or dozens of small mains lamps. Seven
programs all speed controlled plus flash modulation, effectively
giving 14 different displays. Makes sound -to -light obsolete.
Completely electrically and mechanically noise free.
Post 75o S.A.E. (Foolscap) for further details. Price only £6000

VORTEX BLOWER AND VACUUM UNIT
Dynamically balanced totally en-
closed gin rotor with max air
delivery of 1 5 cubic metres per
Min Max static pressure 600mm
W G Suction or blow from 2 side Cf II-

by -side 37mm I D circular apex- In

tures fitted to base of unit Power
tut continuously rated 115V a c
motor mounted on alloy base with
fixing facaities Dimensions
length 112CM k width 25cm
height 25cm These units are ex equipment but nave had
minimum use Fully tested prior to despatch Price E12

11 50 P& P it 14 58 inc VAT & P
Suitabie transformer for 230 240V a c ES It P & P 2[7.50
,nc VAT & P

WIDE RANGE OF DISCO LIGHTING
EQUIPMENT
SAE foolscap) for details

Superior Quality Precision Made
NEW POWER RHEOSTATS

New ceramic construction, vitreous
enamel embedded winding heavy duty
brush assembly. continuously rated.
25 WATT 10/25/50/100/150/250/500/1k0/
1 -5k0, £2.40. Post 20p 1f281 inc. VAT & P.
50 WATT 100/2500 £2.90. Post 25p l£340 inc. VAT & P.1.
100 WATT 1/5/10/25/50/100/250/500/1kO/1-5k0/2.5kO
/3.5k0 £5.90 p & p 35p 1E875 inc VATI.
Black, Silver, Skirted knob calibrated in Nos. 1-9 1 fin
dia. brass bush. Ideal for above Rheostats 24p each.

CENTRIFUGAL BLOWER
Smith type FFB
1606. 022 220/240V A.C. Aperture
10 x 4 -}cm overall size 16 x 14cm. Price
£3.75 & P. 75p. (inc. VAT £4.861
Other types available. S.A.E. for details

24volt. D.C. BLOWER UNIT
Precision 24 volt. D.C. 8 amp Blower that works well on 12V
,4 amp D.C. Producing 30 tuft. min at normal air pressure.
£4.50 P. & P. 75p (inc. VAT £561). N.M.S.

INSULATION TESTERS NEW!
Test to I E E Spec Rugged metal construc-
',on su table ror bench or field work
constanr speed clutch Size L 8,n W 4in
H bin weight 61b, 500V. 500 megohms. £49.
Post 80p 1E53.78 inc. VAT & P.I. 1,000V
1 000M0, £55. Post 80p 1£60.26 inc VAT &
P SAE tor leaflet

All Mail Orders -Callers -Ample Parking

Dept. PE, 57 BRIDGMAN ROAD
CHISWICK, LONDON W4 5BB

Phone 01-995 1560
Showroom open Mon. -Fri.

RELAYS W. rimp SC .1 DC Wow D.101.3

230/240V A.C.A.C. Relays: Arrow 2 c/o. 15 amp £1.50 (£1.84 inc.
VAT & P).
T.E.C. open type 3 c/o. 10 amp £1.10 If1.40 inc. VAT & Pl.
Omoron or Keyswitch 1 c/o. 7 amp £1.001£1.30 inc. VAT & Pl.
D.C. Relays: Open type 9/12V 3 c/o 7 amp £1.00 1E1.30 inc.
VAT & PI. Sealed 12V 1 c/o 7 amp octal base. £1.00 (E1.30 inc.
VAT & P1. Sealed 12V 2 a. 7 amp octal base. £1.25 (£1.56 inc.
VAT & Pl. Sealed 12V 3 c/o 7 amp 11 -pin. £1.35 (£1.67 inc.
VAT & Pl. 24V. Sealed 3 c/o 7 amp 11 -pin £1.35 (£1.67 inc.
VAT & PI. lamps ---. contact rating). P&P on any Relay 20p.
Other types available - phone for details. N.M.S.
Diamond H heavy duty A.C. relay 230/240V a.c., two C/O
contacts 25 amps res at 250 a.c. £2.50 p&p 50p. 1E3.24 inc
VAT + p&pl Special base 50p. N.M.S.

VAT
AT CURRENT RATE MUST BE ADDED TO
ALL ORDERS FOR THE TOTAL VALUE OF
GOODS INCLUDING POSTAGE UNLESS

OTHERWISE STATED.

SERVICE
TRADING CO.

ACCOUNT CUSTOMERS MIN. ORDER £10.00

ROTARY VACUUM
AIR COMPRESSOR
& PUMP
Carbon vana oil free vacuum pump
and compressor. Approx 20 inch
vacuum 10 PSI at .79 CFM
Powered by 110V a.c. 1.8 amp
Parvalux mint°, fitted with additional shaft at rear, suitable
light loads. Inc. capacitor £1 4.00 p&p E1-50 1E16.74 inc VAT
+ &p) Suitable transformer for 230/240V a.c. operation
£500 p&p Cl-GO 1E6.48 inc VAT + p&p)
N.M.S.

BLOWER VACUUM PUMP
English Electric 3 phase AC motor 270/250V. Or 380'440V.
1,425 r.p.m. h.p. continuously rated Direct coupied to William
Allday & Co Admsa carbon vein blowen vacuum pump 0.9 cfm
8.HG. Price £22 p&p £2 (£25.82 inc VAT + pl N.M.S.

PROGRAMME TIMERS
12 cam model £7.50. Post 60p lf875
inc. VAT & P.I. Also available for 50V
operation. Price as above.
N.M.S.

Time Switch
Vintner Type ERO Time switch 200/250V a.c.
30 amp contact 2 on/2 off every 24 hrs. at any
manually pre-set time. 36 hour Spring Reserve
and day omitting device. Built to highest Elec-
tricity Board specification. Price f7-75.
P. & P. 75p 1£9.181.
R. & T.

SANGAMO WESTON TIME SWITCH
Type S251 200/250V. a.c. 2 on/2 off every 24 hours. 20
amps contacts with override switch dia. 4 x 3 price f6-50 F & P.
50p inc. VAT £7.56. Also available with Solar dial.
R. & T.

Yet another outstanding offer.
IMF D 600V Dubilier wire ended capacitors,
10 for £1 50 p&p 50p. IC2. 16 inc VAT + p&pl (Min 101 N.M.S.

230V a.c. FAN ASSEMBLY.
Powerful continuously rated a.c. motor
complete with 5 blade 6+in. Aluminium
fan. Price £3.00. P. & P. 65p -1E3.941. N.M.S.

KEY:
N.M.S.
R. & T.

New Manufacturers Surplus
Reconditioned and Tested

Personal callers only Open Saturdays
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quality range of British made electrical accessories plus
ow to . . book. Do your own home electical work
mplete confidence. See cat. pages 129 to 134.

A on bass peda unit or organs. 'as e ce ent ass gu ar
stop for guitarists accompaniment. Specification in our
catalogue.

Mobile amateur radio, TV and FM aerials'- 6 luts of
accessories are described in our catalogue_

mapuin
ELECTRONIC SUPPLIES LTD
All mail to:-
P.O. Box 3, Rayleigh, Essex SS6 8LR.
Telephone: Southend (0702) 554155.
Shop: 284 London Road,
Westcliff-on-Sea, Essex.
(Closed on Monday).
Telephone: Southend (0702) 554155.

nw_prIton
A massive new catalogue
from Maplin that's even
bigger and better than
before. If you ever buy
electronic components,
this is the one
catalogue you must
not be without
Over 260 pages -
some in full colour
- it's a comprehensive
guide to electronic
components with
hundreds of
photographs and
illustrations and page
after page
of invaluable data

Our bi-monthly
newsletter contains
guaranteed prices.
special offers and
all the latest
news from Maplin

This superb organ - build the first working section for just over
E100. Full specification in our catalogue.

A pulse wid roller forsmooth slow running plus
inertia braking and acceleration. Full construction details in our
catalogue.

The 3800 synthesiser build it yourself at a fraction of the cost
of one ready-made with this specification. Full details in our
catalogue.

n al bookshop in your homet All you need
e. Post the coupon now!

A 63 -key ey ard with 62 -me interface. 4

a range of highly attractive knobs is described in our catalogue.
Our prices are very attractive too,

Touch operated rhythm generator, the 'Drumsettei Construe
Lion details 25p. (Leaflet M:S491. Specification in our
catalogue.

A wide range of disco accessories at marvellous prices. Our
,catalogue has all the details.

Post this coupon now for your copy of our
1979-80 catalogue price 75p.
Please send me a copy of your 280 page catalogue
as soon as it is published (8th ..an. 1979). I enclose
75p but understand that if I arr. not completely
satisfied I may return the cata.2gue to you within
14 days and have my 75p refunded immediately.
If you live outside U.K. send £,1',orten International
Reply Coupons. dl

NAME

ADDRESS

I
PE


